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AN INERTIAL SURVEY ADJUSTMENT PROGRAM: 
IMPLEMENTATION AND VALIDATION 

Dennis G. M i l b e r t  
N a t i o n a l  Geode t i c  Survey 

N a t i o n a l  Ocean Survey, NOAA 
R o c k v i l l e ,  Maryland 20852 

ABSTRACT. The f i e l d  c o o r d i n a t e s  from iner t ia l  su rvey  systems 
e x h i b i t  sys t ema t i c  error which must be reduced by pos tmission 
p r o c e s s i n g .  D e s i r a b l e  q u a l i t i e s  of a n  i n e r t i a l  su rvey  least- 
s q u a r e s  a d j u s t m e n t  a re  d i s c u s s e d ,  and a n  ad jus tmen t  program 
u s i n g  t h e  Gregerson 1 2  parameter  model is d e s c r i b e d .  S e v e r a l  
a d j u s t m e n t s  of i n e r t i a l  o b s e r v a t i o n s  i n  sou thwes t  Arizona tes t  
t h e  Gregerson model and i n d i c a t e  t h e  p r e c i s i o n  of t h e  d a t a .  
P o s s i b l e  improvements in t h e  o b s e r v a t i o n a l  model and 
ad jus tmen t  program are then  examined. 

INTRODUCTION 

I t  is g e n e r a l l y  a c c e p t e d  t h a t  t h e  I n e r t i a l  Survey Systems (ISS) c u r r e n t l y  
a v a i l a b l e  produce raw d a t a  which c o n t a i n  uncompensated Sys t ema t i c  e r r o r s  
(Hannah and Mue l l e r  1981). Such e r r o r s  l e f t  unchecked w i l l ,  a t  b e s t ,  deg rade  
t h e  p r e c i s i o n  of t h e  i n e r t i a l  su rvey  and,  a t  w o r s t ,  accumulate  t o  i n t r o d u c e  
s e r i o u s  b i a s  i n t o  t h e  su rvey  r e s u l t s .  P o s t m i s s i o n  p r o c e s s i n g  of i n e r t i a l  
o b s e r v a t i o n s  can e x t r a c t  t h i s  s y s t e m a t i c  e r r o r  and produce a n  unb iased  d a t a  
s e t  s u i t a b l e  €or a n a l y s i s  and computat ion.  L e a s t  s q u a r e s  ad jus tmen t  p r o v i d e s  
a s t a t i s t i c a l l y  r i g o r o u s  procedure f o r  d e a l i n g  w i t h  s y s t e m a t i c  e f f e c t s  and f o r  
a n a l y z i n g  r e s u l t s .  

T h i s  r e p o r t  d e t a i l s  I N E R T l ,  a r i g o r o u s ,  least  s q u a r e s  a d j u s t m e n t  program f o r  
m u l t i p l e  i n e r t i a l  t r a v e r s e  runs.  Both d e s i g n  c r i t e r i o n  and implementat ion 
d e t a i l s  a re  covered.  The c e n t r a l  d e s i g n  phi losophy i s  t o  produce a program 
which s i m u l t a n e o u s l y  a d j u s t s  m u l t i p l e  i n e r t i a l  t r a v e r s e  r u n s  and d i s p l a y s  
i n f o r m a t i o n  f o r  o b s e r v a t i o n  model v a l i d a t i o n  and d a t a  a n a l y s i s .  Bu*t any 
d e s i g n ,  however c a r e f u l l y  c o n s t r u c t e d ,  must u l t i m a t e l y  be v a l i d a t e d  a g a i n s t  
r e a l i t y  . 

A set  of i n e r t i a l  o b s e r v a t i o n s  made i n  southwest  Arizona i s  a d j u s t e d  by 
INERT1. The ad jus tmen t  r e s u l t s  i l l u s t r a t e  t h e  u t i l i t y  of t h e  Gregerson model 
and t h e  e f f e c t i v e n e s s  of  a r i g o r o u s  least  s q u a r e s  ad jus tmen t  i n  d a t a  a n a l y s i s .  

DESIGN AIMS 

Before beginning t h e  implementat ion of  a computer program, a p ruden t  
i n d i v i d u a l  makes a clear p l a n  of what t h e  program must produce. Such a n  
a c t i o n  p r o v i d e s  a gu ide  f o r  t h e  o v e r a l l  e f f o r t  and eases t h e  programing 
p rocess .  
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Obs e rva t i o n  Made 1 

The observa t ion  model s e l e c t e d  f o r  INERTl is t h e  Gregerson 12 parameter 
model descr ibed  i n  Hannah and P a v l i s  (1980: 20-23). This  model was chosen due 
t o  t h e  a c c e s s i b i f i t y ,  t h e  a v a i l a b i l i t y  of a sample computation, and t h e  
modeling of an  i n e r t i a l  observa t ion  as l a t i t u d e  d i f f e r e n c e ,  l ong i tude  
d i f f e r e n c e ,  and e l e v a t i o n  d i f f e r e n c e .  
most important.  
embryonic s t a g e  of development. 
followed by INERTZ, INERT3, etc. Each subsequent ve r s ion  of t h e  program w i l l  
b e n e f i t  by r e sea rch  on models. The ob jec t ive  of INERTl is not  t o  provide t h e  
d e f i n i t i v e  i n e r t i a l  observa t ion  model, bu t  t o  e s t a b l i s h  a t o o l  f o r  model 
validation 

S e l e c t i o n  of a d i f f e r e n t i a l  model is 
Modeling of i n e r t i a l  survey sys temat ic  e f f e c t s  i s  s t i l l  i n  an 

As suggested by t h e  name, I N E R T l  w i l l  be 

Observat ion Variance and Covariance 

A s  mentioned, i n e r t i a l  observa t ions  are assumed t o  be a t r i a d  of l a t i t u d e  
d i f f e r e n c e ,  longi tude  d i f f e r e n c e ,  and e l e v a t i o n  d i f f e r e n c e .  It is n a t u r a l ,  
t h e r e f o r e ,  t o  estimate the  r e l i a b i l i t y  of t h e s e  q u a n t i t i e s  u s ing  s t anda rd  
dev ia t ions  of t hese  d i f f e r e n c e s .  Assumptions are made t h a t  t h e  obse rva t ion  
t r i a d  is uncorre la ted  and t h e  r e p e t i t i o n s  of any observa t ion  t r i a d  are 
uncorre la ted .  
272-273). 
observat ion.  
dev ia t ions .  

This  assumption is c o n s i s t e n t  wi th  t h e  work of Schwarz (1980: 
The s tandard  d e v i a t i o n s  are assumed t o  be cons t an t  f o r  any given 

The program must provide f o r  easy manipulat ion of s tandard  

Progress on inertial observation p r e c i s i o n  models w i l l  on ly  come a f t e r  some 
measure of success  has been made on i ne r t i a l  observa t ion  models themselves,  
and a f te r  a large body of i n e r t i a l  d a t a  has  been accumulated. 
observa t ion  models are  embryonic, then  iner t ia l  observa t ion  p rec i s ion  models 
are ba re ly  p a s t  concept ion.  

If  iner t ia l  

Rigorous Adjustment Procedures 

The program must a l low f o r  t h e  c o r r e c t ,  s imultaneous adjustment  of mul t ip l e  
t r a v e r s e  runs.  This  is mandatory. Each poin t  must possess  only  one t r i a d  of 
coord ina tes  and a l l  observa t ions  t o  t h a t  po in t  i n  the  adjustment  must 
re ference  t h a t  unique t r i a d .  I n e r t i a l  t r a v e r s e  surveys c a r r y  low redundancy. 
This  i n  t u r n  hampers t h e  development of observa t ion  models, and impai rs  t h e  
l o c a l i z a t i o n  of blunders  (Mueller 1981). A r e a  surveys ,  on the  o t h e r  hand, do 
not s u f f e r  as g r e a t l y  from these  d e f i c i e n c i e s  when a l l  t h e  obse rva t ions  
par t ic ipate  s imultaneously i n  a combined least  squares  adjustment .  

Parameter Cons t r a in t s  

F l e x i b i l i t y  can be added t o  t h e  Gregerson model by providing f o r  t he  
c o n s t r a i n t  of any of the  adjustment  parameters (observa t ion  model parameters 
o r  s t a t i o n  coord ina te s )  t o  any des i r ed  value.  This  is e a s i l y  accomplished by 
in t roducing  a d i r e c t  obse rva t ion  of t he  parameter i n  q u e s t i o n ' w i t h  an  
a r b i t r a r i l y  high weight. By cons t r a in ing  a model parameter t o  ze ro ,  t h a t  term 
i s  e f f e c t i v e l y  de l e t ed  from the  observa t ion  model. These c o n s t r a i n t s  a l s o  
al low t h e  ge0desis.t t o  hold coord ina te s  known from ear l ier  surveys.  

INERTl does not  have provis ion  f o r  i nc lus ion  of coord ina te  covar iance  
information.  When the  number of s t a t i o n s  is l a r g e  enough, covar iance  
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information is  more easi ly  c a r r i e d  by t h e  a c t u a l  observa t ion  from t h e  earl!.er 
surveys,  r a t h e r  than by numbers from a p r i o r  adjustment.  The des ign  aim is 
t h a t  INERT1 s h a l l  evolve i n t o  a program t h a t  s imultaneously a d j u s t s  d i f f e r e n t  
types of geode t i c  observa t ions .  
photogeodesy by E l  H a k i m  and Fa ig  (1981). 

Such an approach has been used i.1 

Postadjustment  Parameter Standard Deviations 

The program should d i s p l a y  t h e  s tandard  dev ia t ion  of t he  adjustment  
parameters. This  g ives  pe r spec t ive  t o  t h e  p rec i s ion  of t he  survey 
coord ina tes .  Of g r e a t e r  u t i l i t y ,  perhaps,  w i l l  be the  s tandard  d e v i a t i o n s  f o r  
t h e  observa t ion  model parameters.  Deviat ions t h a t  are comparable i n  s i z e  t o  
t h e  ad jus t ed  value of a g iven  model parameter i n d i c a t e  a poss ib l e  candida te  
f o r  a c o n s t r a i n t  of that parameter t o  zero.  
v e r i f i e d  i n  a subsequent adjustment  using an  F test. 

Such a c o n s t r a i n t  should then  be 

Length Re la t ive  Accuracies 

The h o r i z o n t a l  c o n t r o l  s tandard  is based upon the  l eng th  r e l a t g v e  accuracy 
between d i r e c t l y  connected ad jacen t  po in t s  (Fedeieal Geodetic Cont ro l  Committee 
1974: 3).  By l i n e a r  e r r o r  propagat ion,  one can compute t h i s  measure f o r  any 
des i r ed  p a i r  of po in ts .  The program should provide t h i s  capabi1i:y and enable  
the  geodes i s t  t o  e v a l u a t e  the  o r d e r  of a survey. 

An important  prodbct accrues from providing t h i s  f e a t u r e .  I f  t h e  r e l a t i v e  
accuracies are computed us ing  the  a p r i o r i  var iance  of u n i t  weigh:, then  t h e  
r e l a t i v e  accuracies may be computed without knowledge of any observed values.  
One may p r e d i c t  t h e  p r e c i s i o n  of a survey before  t h e  f i r s t  measurement i s  
made. One r e q u i r e s  the  proposed design and estimates of obse rva t ion  
p rec i s ion ,  nothing more. The program may then func t ion  as a planning t o o l  as 
w e l l  as a postmission process ing  too l .  

Googe Numbers 

A Googe number 2 
ii 

ii 

C 
= -  

g i  n 

is t h e  square  of t h e  d iagonal  element of t he  Cholesky f a c t o r ,  c i i ,  d iv ided  by 
that diagonal  element before  Cholesky f a c t o r i z a t i o n ,  n i i .  I t  is 3 
"normalized" measure which may be used i n  s i n g u l a r i t y  d e t e c t i o n  (Schwarz 1978: 
29-32). I n  a d d i t i o n  t h e  Googe number provides a measure of t he  
i l l - cond i t ion ing  of a parameter.  Such a parameter is not  w e l l  determined by 
t h e  d a t a ,  so t h a t  one may not r e l y  on the  estimate of t h a t  paramecer. These 
numbers are u s e f u l  i n  eva lua t ions  of network s t r e n g t h .  

Residual  S t a t i s t i c s  

E f fec t ive  o rgan iza t ion  of r e s i d u a l s  g r e a t l y  assists i n  d e t e c t i o n  of 
o u t l i e r s ,  i d e n t i f i c a t i o n  of weight ing problems, and e v a l u a t i o n  of obse rva t ion  
models. Residuals  are d isp layed  i n  a manner similar t o  t h a t  of t h e  horizontaL 
leas t  squaresadjustment  program, TRAVlO (Schwarz 1978). This  dec i s ion  is 
based upon personal  exper ience  wi th  TRAVlO d a t a  a n a l y s i s .  
d i sp l ay  is by no means opt imal .  A s  experience is gained wi th  r igorous  
i n e r t i a l  ad jus tments ,  be t te r  r e s i d u a l  d i s p l a y s  w i l l  be developed. 

The r e s i d u a l  

3 



Modular S t r u c t u r e  

The INERT1 program was developed us ing  t h e  p r i n c i p l e s  of s tepwlse  refinement 
( D i j k s t r a  1965). 
t o  " i s o l a t e "  t h e  model from t h e  remalnder of t he  adjustment  source  code. The 
s to rage  s t r u c t u r e  of t h e  parameters can a l s o  be i s o l a t e d  i n  a similar manner. 
This  a l lows  f o r  g r e a t  freedom i n  model s e l e c t i o n  without  imposing a need t o  
rewrite t h e  e n t i r e  program. 
p l aces  t o  e f f e c t  t he  des i r ed  change. 

By choosing the  refinement s t a g e s  p rope r ly ,  i t  is p o s s i b l e  

The mgdel need only  be a l t e r e d  i n  a few key 

ADJUSTMENT MODEL 

The least squares  adjustment  model and n o t a t i o n  used i n  t h i s  r e p o r t  are from 
Schwarz (1974-1975) and Uot i l a  (1967). 

An adjustment  model f o r  t h e  method of observa t ion  equa t ions  i s  

L a = F(Xa) 

where La is a vector of computed observa t ion  values, Xa is a v e c t o r  of 
coord ina te  and model parameters, and F is  a vec to r  of func t ions  t h a t  descr ibes  
t h e  observa t ions  i n  terms of t h e  parameters.  
n ,  and Xa i s  a vec to r  of l eng th  u. 

La and F are vec to r s  of l e n g t h  

The des ign  matr ix ,  A, is  def ined  as 

where A i s  a mat r ix  of d i f f e r e n t i a l  changes i n  t h e  obse rva t ion  model w i t h  
r e spec t  t o  t h e  parameters ,  Xa, eva lua ted '  a t  a p a r t i c u l a r  set  of parameter 
va lues ,  X o .  A vec to r  of observa t ion  misc losures  i s  

L = Lb - La (4) 

where L 
above. 

is  the  v e c t o r  of a c t u a l  observa t ions  and La is t he  vec to r  descr ibed  b 

Associated wi th  the  obse rva t ion  vec to r  Lb i s  a symmetric var iance-covariance 
mat r ix  c~~ ,which  con ta ins  information on observa t ion  p r e c i s i o n  and 
c o r r e l a t i o n .  The weight mat r ix  i s  def ined  as . 

2 
where a. is the  a p r i o r i  var iance  of u n i t  weight.  ' This  va lue  is t y p i c a l l y  set  
t o  1, as is done i n  t h i s  r e p o r t .  

The observa t ion  equat ion  may now be w r i t t e n  as 

where V i s  a vec to r  of r e s i d u a l  e r r o r s  and X is a vec to r  of c o r r e c t i o n s  t o  the  
parameter vec to r  X,. .The least  squares  e s t ima te  of X i s  

x = (ATPA) - ~ A T P L  . (7) 
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Computation of t h i s  estimate is known as s o l u t i o n  of t h e  normal equat ions .  
The estimate provides  a new se t  of values  f o r  our parameters by 

(8) 
xa 4 x a  + x .  

I f  t h e  observa t ion  model F(X,) is nonl inear  ( t h a t  is, A i s  not cons t an t  f o r  
any set of X,), then  t h e  ent i re  process  s t a r t i ng  w i t h  eq. ( 2 )  must be i t e r a t e d  
u n t i l  t h e  vec to r  Xa reaches  a s t a t i o n a r y  po in t .  

Once convergence i s  achieved ,  La computed from eq. ( 2 )  i s  t h e  vector of 
ad jus t ed  observa t ions .  The vec to r  of observa t ion  r e s i d u a l  e r r o r s p  V, is 

v = La - L b .  

2 
The a p o s t e r i o r i  var iance  of u n i t  weight,  00, is a scale f a c t o r  f o r  t h e  
observa t ion  var iance-covariance matr ix .  It can be used t o  b r ing  t h e  
observa t ion  weights  i n t o  agreement wi th  p red ic t ions  of s t a t i s t i c a l  theory.  An 
estimate of t h e  a p o s t e r i o r i  var iance  of u n i t  weight i s  g iven  by 

;2 5i VTPV 
o . (n-u) 

(10) 

where n i s  the  number of ObservatiQns ( l eng th  of t h e  v e c t o r  Lb) and u is  the  
number of parameters ( l e n g t h  of t h e  vec to r  Xa). 

Estimates of parameter p r e c i s i o n  and c o r r e l a t i o n s  are g iven  by t h e  ad jus t ed  
parameter variance-covariance mat r ix ,  C . This  mat r ix  is computed by 

*a 

xxa = (AT 7' b A)-' . 
(11) 

One may a l s o  compute the  p r e c i s i o n  of any o t h e r  q u a n t i t y  which can  be de r ived  
from the  parameters. Suppose one wishes t o  compute a v e c t o r  of q u a n t i t i e s ,  S, 

s = S(Xa) 

from the  ad jus t ed  parameters ,  Xa. A mat r ix ,  G ,  i s  def ined  as  
as G = -  1 
''a X, = x0 

(12) 

(13) 

where G is  a mat r ix  of d i f f e r e n t i a l  changes i n  t h e  func t ions ,  S, with  r e spec t  
t o  t h e  parameters, Xa, eva lua ted  a t  a p a r t i c u l a r  set of parameter v a l u e s ,  Xo. 
By t h e  p r i n c i p l e  o f  l i n e a r  e r r o r  propagat ion,  

c,=Gc GT 
xa 

where  Cs is t he  variance-covariance matr ix  of t h e  computed q u a n t i t i e s .  

Equation (14) i s  important s i n c e  i t  can compute va lues  such as the  
unce r t a in ty  i n  l e n g t h  without  any d i r e c t  1engt.h measurements. This  l a s t  
unce r t a in ty  is used i n  the  computation of t he  l eng th  r e l a t i v e  accuracy,  t he  
s tandard  of h o r i z o n t a l  geode t i c  c o n t r o l  network of t h e  United S t a t e s .  

Examination of eqs. (11)  and (14)  shows no dependence of t he  
variance-covariance matrices upon Lb, t h e  vec tor  of observa t ions .  A c t u a l  
observa t ions  a r e  not needed t o  e s t ima te  the  p r e c i s i o n  of t he  survey. A l l  t h a t  
are requi red  a r e  a proposed se t  of observa t ions ,  t he  model of the 
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o b s e r v a t i o n s ,  and t h e  model of  t h e  o b s e r v a t i o n  p r e c i s i o n  and c o r r e l a t i o n .  Any 
ad jus tmen t  r o u t i n e  t h a t  computes q u a n t i t i e s  from e q s .  ( 1 1 )  and ( 1 4 )  c a n  e a s i l y  
be des igned  t o  s e r v e  as a p l a n n i n g  t o o l  as  w e l l  as a d a t a  a n a l y s i s  t o o l .  

INERTIAL SURVEY MEASUREMENT MODEL 

As d i s c u s s e d  ear l ie r ,  t h e  Gregerson 1 2  parameter  model approx ima tes  i n e r t i a l  
o b s e r v a t i o n s .  Although t h i s  model i s  d e s c r i b e d  i n  Hannah and P a v l i s  (1980: 
20-23), t h e  d e s c r i p t i o n  i s  r e p e a t e d  h e r e  w i t h  supp lemen ta l  comments. 

The L i t t o n  A u t o s u r v e y o r @ i n e r t i a l  system produces a s e t  of t h r e e  c o o r d i n a t e s :  
l a t i t u d e ,  l ong i tude , and  e l e v a t i o n .  D e s p i t e  t h e  o u t p u t  form, o b s e r v a t i o n s  are  
assumed t o  be a t r i a d  of c o o r d i n a t e  d i f f e r e n c e s .  The o b s e r v a t i o n  models can 
be w r i t t e n  as 

k le re ,+ i i s  the  geodet ic  l a t i t u d e  a t  s t a t i o n  i, Xi is t h e  g e o d e t i c  l o n g i t u d e  a t  
s t a t i o n  i, and h i  i s  t h e  o r t h o m e t r i c  he igh t  above mean sea leve l  a t  s t a t ion  i. 
Thus, A $ i j  i s  t h e  d i f f e r e n c e  i n  g e o d e t i c  l a t i t u d e  between s t a t i o n  i and 
s t a t i o n  j ,  A x i j i s  t h e  d i f f e r e n c e  i n  g e o d e t i c  l o n g i t u d e  between s t a t i o n  i and 
s t a t i o n  j ,  and Ahij i s  t h e  d i f f e r e n c e  i n  o r t h o m e t r i c  h e i g h t  between s t a t i o n  i 
and s t a t i o n  j .  The symbol, t ,  r e p r e s e n t s  t h e  mean e l a p s e d  time from t h e  s t a r t  
of t h e  traverse run t o  t h e  g i v e n  o b s e r v a t i o n  i n  seconds.  Now, I T 2  i s  t h e  sum 
of t h e  s q u a r e  of t h e  i n t e r v a l s  i n  seconds between marks and z e r o  v e l o c i t y  
upda te s  (ZUPT's). For  example, i f  t h e  i n t e r v a l  between two marks i s  450 
seconds and t h e  ZUPT i n t e r v a l  i s  100 seconds ,  t hen  

ZT2 = loo2 + loo2  + loo2  + l oo2  + 502 = 42,500 seconds2 .  (18) 

I n e r t i a l  s y s t e m s  also measure t ime, and t h e  Gregerson model accepts such times 
as being e r r o r  f r e e .  

F i n a l l y ,  C 1  t h r o u g h  C 1 2  are  model parameters. I f  f i v e  t raverse  r u n s  a r e  
made, t h e  5 x 12  = 60 model parameters, p l u s  t h e  c o o r d i n a t e  t r i a d s  f o r  each 
s t a t i o n ,  must be c a r r i e d  a s  unknowns i n  t h e  a d j u s t m e n t .  

The f i r s t  comment d e a l s  w i t h  t h e  s t r u c t u r e  of t h e  Gregerson Model. The form 
of t h e  l a t i t u d e  d i f f e r e n c e  and t h e  l o n g i t u d e  d i f f e r e n c e , e q s .  ( 1 5 )  and (L6), i s  
i d e n t i c a l .  The measurement i s  modif ied by a scale  € a c t o r  (C: and C:), and an 
o f f - t r a c k  e f f e c t  i s  i n t r o d u c e d  by t h e  second term i n  bo th  e q u a t i o n s .  The C, 
and c 8  c o e f f i c i e n t s  c o n t r o l  a n  o b s e r v a t i o n  b i a s  which behaves as  t h e  sum of 
s q u a r e  time i n t e r v a l s .  These two e q u a t i o n s  are ,  t h e r e f o r e ,  a n  e x t e n s i o n  of 
t h e  two-dimensional g e n e r a l  a f f i n e  t r a n s  f o ma t i o n ,  

X ' = A X + B Y + C  (19) 

Y ' = D X + E Y + F .  (20) 
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By d i f f e r e n c i n g  the transformation, 

AX' = A AX + B AY 
AY' = D AX + E AY. 

Such a t r a n s f o r m a t i o n  p r o v i d e s  f o r  a s e p a r a t e  scale f a c t o r  on each a x i s .  The 
c o o r d i n a t e  system may be r o t a t e d  and t r a n s l a t e d .  O r t h o g o n a l i t y  between t h e  
c o o r d i n a t e  axes is  n o t  p r e s e r v e d  (Merchant 1977) .  C l e a r l y ,  t h e  Gregerson 
model a l s o  p o s s e s s e s  such q u a l i t i e s .  

On t h e  o t h e r  hand, t h e  e l e v a t i o n  d i f f e r e n c e , e q .  ( 1 7 ) , d o e s  no t  p o s s e s s  a 
S y s t e m a t i c  e r r o r  terms are f u n c t i o n s  on ly  of  l a t i t u d e  and  scale f a c t o r .  

l o n g i t u d e  d i f f e r e n c e .  
model. 

It  i s  s e e n  t h a t  v e r t i c a l  o b s e r v a t i o n s  get  a special 

I t  m u s t  be s t ressed t h a t  these e q u a t i o n s  do no t  a t t e m p t  t o  model t h e  
p h y s i c a l  system of gy roscopes  and a c c e l e r o m e t e r s  i n  a n  ISS. R a t h e r ,  t h e s e  
e q u a t i o n s  model t h e  systematic e r r o r  of t h e  measurements from a L i t t o n  
Au'tosurveyor u n i t .  Such measurements have a l r e a d y  been c o r r e c t e d  f o r  some 
s y s t e m a t i c  e f f e c t s  and p rocessed  through a Kalmaii f i l t e r  i n s i d e  t h e  
Autosurveyor b e f o r e  they  a re  a v a i l a b l e  t o  a user. Any d e f i c i e n c i e s  i n  t h e  
Autosurveyor 's  i n t e r n a l  model w i l l  appea r  as  s y s t e m a t i c  e f f e c t s  which shou ld  
be removed by p o s t p r o c e s s i n g .  E r r o r s  i n  p o i n t  i d e n t i E i c a t i o n  and upda te  
c o o r d i n a t e s  w i l l  also produce systematic e f f e c t s .  The Gregerson model 
a t tempts  t o  c o r r e c t  t h e s e  d i s c r e p a n c i e s .  

IMPLEMENTATION 

Fol lowing t h e  d e s c r i p t i o n  of t h e  e q u a t i o n s  € o r  t h e  mathematics  of t h e  l eas t -  
s q u a r e s  a d j u s t m e n t ,  and t h e  e q u a t i o n s  t o  model i n e r t i a l  o b s e r v a t i o n s ,  i t  i s  
s t i l l  n e c e s s a r y  t o  embody t h e s e  e q u a t i o n s  i n t o  a computer program. The manner 
i n  w h i c h  t h i s  i s  done w i l l  s p e l l  t h e  d i f f e r e n c e  between a n  easy-to-use program 
and a n  unworkable monster.  

Modular S t r u c t u r e  

The d e s i g n  c r i t e r i o n  of modular s t ruc ture  impac t s  t h e  program implementat ion 
t o  a h igh  degree .  Such modules perform a s p e c i € i c  t a s k  and make a minimal 
number of "assumptions" abou t  p r o c e s s e s  i n  o t h e r  parts of t h e  program. 
Communication between modules i s  performed c h i e f l y  through parameter l i s ts .  
Thus,  c a r e f u l  c o n t r o l  of parameter  v a l u e s  e n s u r e s  c o r r e c t  f u n c t i o n i n g  between 
modules. While a g i v e n  module may invoke a number of o t h e r  modules, t h e  
s h a r i n g  of  a module by o t h e r  modules is  t o  be avoided.  T h i s  p r e v e n t s  a 
s u b s t a n t i a l  change i n  a g i v e n  module from r e q u i r i n g ' m o d i f i c a t i o n s  t o  o t h e r  
par ts  o f  t h e  program (Turne r  1980) .  

Pe rhaps  t h e  most e f f e c t i v e  t echn ique  f o r  development of r e l i a b l e  computer 
programs is  s t e p w i s e  r e f inemen t  ( D i j k s t r a  1965) .  I n  t h i s  t echn ique  t h e  
programer b reaks  a g i v e n  problem i n t o  component subproblems. The d i s s e c t i o n  
c o n t i n u e s  u n t i l  each subproblem c a n  be e a s i l y  s o l v e d  w i t h o u t  r e s o r t i n g  t o  
f u r t h e r  d i s s e c t i o n .  S t epwise  ref inement  t h u s  p rov ides  t o  programers  a 
mechanism € o r  working w i t h  a r b i t r a r i l y  l a r g e  programs. 

An example of s t e p w i s e  r e f inemen t  is s e e n  i n  SUBROUTINE I N E R T 1  i n  appendix 
C .  T h i s  s u b r o u t i n e  c o n t r o l s  t h e  e n t i r e  i n e r t i a l  ad jus tmen t .  I t  r e a d s  d a t a ,  
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forms and s o l v e s  normal equat ions ,  updates  parameters,  monitors  progress  of 
t h e  adjustment ,  and d i s p l a y s  t h e  adjustment  r e s u l t s .  The r o u t i n e  comprises 
only 40 l i n e s  of code, i nc lud ing  comments. The t a s k s  of reading  d a t a ,  so lv ing  
normals, and r e s u l t  d i sp l ay  are subproblems of t h e  t o t a l  i n e r t i a l  adjustment  
problem. 

During problem d i s s e c t i o n ,  know1,edge of parameter s t o r a g e  is r equ i r ed  
throughout t h e  program a t  a l l  problem l e v e l s .  
t he  need f o r  modules t o  be i s o l a t e d  from one another  and not  be c a l l e d  
throughout the  program. A special type of r o u t i n e  c a l l e d  a s e r v i c e  subprogram 
so lves  t h i s  d i f f i c u l t y .  
r e l i a b l e  r o u t i n e  t h a t  performs a s i n g l e  s e r v i c e  (Turner 1980: 275) .  Serv ice  
subprograms provide a n a t u r a l  p l ace  t o  perform func t ions  t h a t  are invoked i n  
many places and whose implementation may vary. As d i scussed  in t h e  des ign  
cri terion, t h e  programer may wish t o  modify parameter s t o r a g e  o r  t h e  i n e r t i a l  
observa t ion  model. Service subprograms i s o l a t e  t he  mod i f i ca t ions  from t h e  
remainder of t he  program. 

This  requirement runs  a g a i n s t  

A s e r v i c e  subprogram is a completely p r e d i c t a b l e ,  

Examples of s e r v i c e  subprograms are found i n  INTEGER FUNCTION IUNSTA and 
INTEGER FUNCTION IUNPRM. These func t ions  "worry" about  how t h e  parameters are 
s t o r e d ,  and pass  t h i s  information t o  t h e  c a l l i n g  r o u t i n e  i n  a g e n e r a l  way. I n  
a similar f a sh ion  SUBROUTINE COMPOB computes a n  i n e r t i a l  obse rva t ion  based on 
t h e  Gregerson model. By 
t ak ing  such care i n  program inplementat ion,  e a s i l y  modi f iab le  code r e s u l t s .  
Because of t h i s ,  as more advanced i n e r t i a l  observa t ion  models are  developed, 
they are e a s i l y  i n s t a l l e d  i n  t h e  program. 

Only COMPOB and FORMC con ta in  t h e  obse rva t ion  model. 

Observation Types 

A d e s c r i p t i o n  of t h e  i n e r t i a l  data s e t  formats may be found i n  appendix A. 
The d a t a  are grouped i n t o  f i v e  c a t e g o r i e s  w i th  a parameter record  a t  the  
beginning  of t he  set. 

The f i r s t  d a t a  group con ta ins  i n i t i a l  pos i t i ons .  These are s t a r t i n g  va lues  
used i n  t h e  i t e r a t i v e  l ea s t  squares  adjustment .  S ince  t h e  des ign  aims r e q u i r e  
comparisons of o ld  coord ina tes  observed by c l a s s i c a l  techniques and new 
coord ina tes  observed i n e r t i a l l y ,  p o s i t i o n s  s h i f t s  are a l s o  computed from t h e  
i n i t i a l  t o  t he  ad jus t ed  va lues .  

The next group con ta ins  p o s i t i o n  c o n s t r a i n t s .  These are a p p l i e d  as 
coord ina te  observa t ions  whose weights  may be ind ica t ed  i n  t h e  record.  
coord ina te  is l e f t  blank,  then t h a t  pa r t i cu la r  coord ina te  w i l l  no t  be 
cons t ra ined .  This  technique a l lows  any combination of coord ina te s  t o  be 
cons t ra ined .  

I f  any 

Model parameter c o n s t r a i n t s  are  processed i n  a manner similar t o  p o s i t i o n  
c o n s t r a i n t s .  However, only one c o n s t r a i n t  may be app l i ed  wi th  a g iven  record.  

Three  d i f f e r e n t  types of records  comprise the  i n e r t i a l  obse rva t ion  category.  
The run header record i n d i c a t e s  the  beginning of a new t r a v e r s e  run. As 
required by t h e  design aims, any number of t r a v e r s e  runs may be s imultaneously 
ad jus ted .  A mark record con ta ins  the  observa t ion  a t  a g iven  po in t .  An update 
record holds  t h e  va lues  which updated t h e  ISS wi th  a new coord ina te .  
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A number of comments can be made now. I n e r t i a l  observa t ions  are coord ina te  
An observation is produced by d i f f e r e n c i n g  a mark record from a differences. 

p r i o r  mark record ,  update record ,  or header record. The number of i n e r t i a l  
observa t ion  t r i a d s  equa l s  t h e  number of mark records.  ... The mark record  a t  a 
given po in t  must precede t h e  update  record ,  if such an  update  record i s  needed 
a t  t he  poin t .  
adjustment.  An update record can be  seen  t o  merely update  coord ina te s  used t o  
compute coord ina te  d i f f e r e n c e  observa t ions .  
r ep resen t  an observa t ion  i t s e l f .  The run header record behaves much t h e  same 
way. However, i t ' a l s o  a l l o c a t e s  a new set of 12 model parameters.  Th i s  g ives  
the  geodes i s t  f l e x i b i l i t y  t o  dec ide  i f  a s i n g l e  se t  of parameters adequate ly  
models a double run t r a v e r s e  or  i f  two parameter sets are needed. 

A po in t  which was updated does not  need t o  be he ld  f ixed  i n  t h e '  

An update record does not  

F i n a l l y ,  computation records  i n d i c a t e  which s t a t i o n s  have l e n g t h  r e l a t i v e  
accuracy computations.  These computations i n d i c a t e  the  o r d e r  of t he  survey,  
so they hold g r e a t  importance. 
descr ibed  l a t e r  in t h i s  r e p o r t .  

The mathematics of t hese  computa t io i s  are 

. These  d a t a  formats  provide an  i n i t i a l  r e p r e s e n t a t i o n ' o f  t h e  i n e r t i a l  
observa t ions  commensurate wi th  t h e  Gregerson model. A s  p rogress  is made i n  
i n e r t i a l  models and important  d a t a  elements are i d e n t i f i e d ,  t h e  d a t a  formats  
w i l l  have t o  change accordingly.  

Name Table 

INERTl  invokes a c o l l e c t i o n  of r o u t i n e s  designed t o  s t o r e ,  r e t r i e v e ,  and 
manipulate t a b l e s  of information.  I n  t h i s  a p p l i c a t i o n  a table i s  used t o  
s t o r e  30 c h a r a c t e r  names f o r  s t a t i o n s .  A name t a b l e  is a t o o l  which 
a s s o c i a t e s  a unique number wi th  a unique name. One may then use  t h e  numker as 
a n  index of an  a r r ay .  Th i s  g ives  t h e  geodes i s t  f l e x i b i l i t y  i n  modifying o r  
combining sets of d a t a ,  s i n c e  a c t u a l  s t a t i o n  names may be used. 

Examination of t h e  sou rce  l i s t i n g  i n  appendix C shows t h e  func t ions  NEWT, 
SEEK, SIZE, PUTVAL, SETCUR, and GETKEY are not def ined .  These are  t a b l e  
r o u t i n e s ,  and they are descr ibed  i n  appendix D. The t a b l e  r o u t i n e s  and 
documentation were w r i t t e n  by John F. I s n e r  of NGS. 

Normal Equation Accumulation and So lu t ion  

INERTl a l s o  invokes a sub rou t ine  package f o r  t he  accumulation, s o l u t i o n ,  and 
inve r s ion  of normal equat ions .  This  package i s  descr ibed  i n  D i l l i n g e r  (1981). 
It provides  f o r  s o l u t i o n  of l a r g e ,  s p a r s e  sys t ems  using v a r i a b l e  bandwidth 
s to rage  i n  memory and random access f i l e s  .for backing s t o r a g e  ( Jennings  1977). 
Three d i f f e r e n t  r eo rde r  a lgo r i thms  are included t o  minimize memory 
requirements.  INERTl uses  t h e  "banker's ' '  a lgori thm repor ted  i n  Snay (1976). 
The inve r se  may a l s o  be computed wi th in  t h e  p r o f i l e .  Th i s  provides  
a v a i l a b i l i t y  of va r i ance  and covariance information necessary t o  
propagat ion s t u d i e s  without  imposing a p r o h i b i t i v e  computational 
program. 

The r o u t i n e s  NABGEN, ADCON, NEWORD, BIBB, ADOBS, FLUSHQ, ELEM, 
REDUCE, SOLVE, and INVRSE are p a r t s  of t h e  equat ion  package, and 
i n  t he  INERTl source  code. 

e r n r  
burden an t h e  

SEXL, 
not  def ined  
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Parameter Output 

A key p a r t  of t h e  implementation of a program is  t h e  s e l e c t i o n  and d i sp lay  
of information.  
t he  i n e r t i a l  obse rva t ions  and t h e  appropr ia teness  of t h e  obse rva t iona l  model. 
A sample adjustment  run may be found i n  appendix B. The f i r s t  major s e c t i o n  
of t h e  l i s t i n g  d e a l s  w i th  the  adjustment parameters.  These parameters  may be 
divided i n t o  two groups: coord ina te  parameters and i n e r t i a l  obse rva t ion  model 
parameters. 

INERTl  d i s p l a y s  d a t a  t o  he lp  determine both the  q u a l i t y  of 

The ad jus t ed  va lues  of t he  coord ina te  parameters are shown i n  u n i t s  of 
degrees ,  minutes,  and seconds f o r  geode t i c  l a t i t u d e  and longi tude ,  and i n  
u n i t s  of meters f o r  or thometr ic  he igh t  above mean sea l e v e l .  
each p o s i t i o n  i s  i ts  s tandard  d e v i a t i o n  computed from eq. (11). 
a l s o  d i s p l a y s  t h e  Googe number f o r  each coord ina te  parameter (Schwarz 1978: 
29-32). The numbers range from 1 t o  0, where 1 i n d i c a t e s  a s t r o n g  s o l u t i o n ,  
and smaller values i n d i c a t e  p rogres s ive ly  weaker so lu t ions .  
va lues  of t h e  model parameters are shown i n  t h e  n a t u r a l  u n i t s  implied by the 
Gregerson model. 
model parameters are d isp layed .  I n  a d d i t i o n ,  a u n i t l e s s  number, parameter 
va lue  d iv ided  by parameter s tandard  dev ia t ion ,  is  a l s o  computed. These 
numbers i n d i c a t e  howmclose a g iven  model parameter may be t o  0. I f  a 
parameter i s  c l o s e  t o  0 ,  then  i t  may be e l imina ted  from t h e  Gregerson model. 
One sees how t h e s e  numbers assist i n  observa t ion  model research .  

Associated wi th  
Th i s  s e c t i o n  

The ad jus t ed  

Standard dev ia t ions  and Googe numbers a s s o c i a t e d  wi th  the  

A s e c t i o n  d i s p l a y s  the  s h i f t s  i n  coord ina tes  from t h e  i n i t i a l  p o s i t i o n  t o  
t h e  new, ad jus t ed  pos i t i ons .  These numbers have no u t i l i t y  whatsoever i f  t h e  
i n i t i a l  p o s i t i o n s  are from some approximation technique. However, i f  t he  
i n i t i a l  p o s i t i o n s  a r e  computed from an adjustment of c l a s s i c a l  obse rva t ions ,  
then t h e  s h i f t s  can i n d i c a t e  sys temat ic  d i f f e r e n c e s  between classical  and 
ine r t i a l  observa t ions .  Similar s h i f t s  i d e n t i f i e d  geode t i c  c o n t r o l  
d e f i c i e n c i e s  i n  Hannah and Mueller (1981). S h i f t s  are shown f o r  each 
coord ina te  a x i s ,  f o r  t h e  h o r i z o n t a l  s h i f t ,  and f o r  t he  t o t a l  s p a t i a l  s h i f t .  
Azimuths of t he  h o r i z o n t a l  s h i f t  are measured clockwise from t h e  nor th .  

Residual  Output 

The f i r s t  major s e c t i o n  of t h e  r e s i d u a l  d i sp l ay  l i s t s  each r e s i d u a l .  
La t i t ude  and longi tude  r e s i d u a l s  are  shown i n  u n i t s  of both seconds and 
meters. A u n i t l e s s  number, r e s i d u a l  d iv ided  by t h e  a p r i o r i  obse rva t ion  
s tandard  dev ia t ion ,  i s  computed f o r  each r e s i d u a l .  
considered quasi-normalized r e s idua l s .  

These numbers may be ' 

A f u l l y  normalized r e s i d u a l  is a r e s i d u a l  divided by t h e  s tandard  d e v i a t i o n  
of t h a t  p a r t i c u l a r  r e s i d u a l .  
propagat ion through eq. (14). Ful ly  normalized r e s i d u a l s  are not computed i n  
INERTl due t o  t h e  heavy computational burden of producing s tandard  dev ia t ions  
of r e s i d u a l s .  A number of po in t s  made i n  Pope (1976) and Snay (1978) mus t  be 
repeated here .  Residuals  are not  mutually independent;  they are  c o r r e l a t e d .  
Pooling r e s i d u a l s  from a survey w i l l  not necessa r i ly  produce a Gaussian 
d i s t r i b u t i o n  of res idua ls .  Quasi-normalized.residuals are smaller i n  a b s o l u t e  
value than f u l l y  normalized r e s i d u a l s .  For these  reasons,  quasi-normalized 
r e s i d u a l s  must be i n t e r p r e t e d  wi th  care. 

The s tandard  e r r o r  may be computed by e r r o r  
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Excess ive  magnitudes of quasi-normalized r e s i d u a l s  i n d i c a t e  p o s s i b l e  
b lunde r s  o r  o b s e r v a t i o n  model problems. To assist i n  l o c a t i n g  large 
r e s i d u a l s ,  INERT1 accumula t e s  and d i s p l a y s  t h e  o b s e r v a t i o n  numbers of t h e  20 
g r e a t e s t  quasi-normalized r e s i d u a l s . .  Various r e s i d u a l  s t a t i s t i c s  are also 
computed and d i s p l a y e d  i n  t h i s  s e c t i o n .  T h i s  i n f o r m a t i o n  a l l o w s  e v a l u a t i o n  of 
t h e  a pr ior i  o b s e r v a t i o n  s t a n d a r d  d e v i a t i o n s .  

Length R e l a t i v e  Accuracy Output  

The f i n a l  s e c t i o n  of INERT1 computes and d i s p l a y s  t h e  l e n g t h  r e l a t i v e  
accu racy  between s e l e c t e d  p o i n t s .  These numbers are ex t r eme ly  i m p o r t a n t  
s i n c e  they  d e f i n e  t h e  o r d e r  of a h o r i z o n t a l  c o n t r o l  su rvey .  A l e n g t h  accu racy  
may be computed i n  two d i f f e r e n t  ways. I f  c o o r d i n a t e s  from p r i o r  s u r v e y s  are  
a v a i l a b l e  f o r  two s e l e c t e d  p o i n t s ,  a l e n g t h  s h i f t  may be computed by 
d i f f e r e n c i n g  t h e  d i s t a n c e  between t h e  o l d  c o o r d i n a t e s  and t h e  d i s t a n c e  between 
t h e  new c o o r d i n a t e s .  The v a l u e  of t h e  d i s t a n c e  d i v i d e d  by t h e  d i s t a n c e  s h i f t  
p rov ides  one " o b s e r v a t i o n "  of  t h e  l e n g t h  r e l a t i v e  accu racy .  These l e n g t h  
accuracies a re  g e n e r a l l y  no t  a v a i l a b l e  u n l e s s  one s p e c i f i c a l l y  r e s u r v e y s  a 
network. T h i s  computa t ion  of l e n g t h  re la t ive accuracy  r e q u i r e s  some estimate 
be made of d i s t a n c e  s h i f t  a t t r i b u t a b l e  t o  o b s e r v a t i o n  e r r o r  i n  t h e  o l d  s u r v e y  
p o s i t i o n s .  

A l e n g t h  re la t ive  accuracy  may a l s o  be computed by l i n e a r  e r r o r  p r o p a g a t i o n  
us ing  eq .  (14). T h i s  method does n o t  r e q u i r e  c o o r d i n a t e s  from o l d  s u r v e y s .  
However ,  i t  is ex t r eme ly  s e n s i t i v e  t o  t h e  a p r i o r i  estimates of o b s e r v a t i o n  
s t a n d a r d  d e v i a t i o n .  Propagated r e l a t i v e  a c c u r a c i e s  depend upon good knowledge 
of o b s e r v a t i o n  model and p r e c i s i o n .  

I N E R T 1  computes l e n g t h  r e l a t i v e  accuracies u s i n g  bo th  methods. One sigma, 2 
sigma, and 3 sigma v a l u e s  of t h e  propagated l e n g t h  r e l a t i v e  accu racy  show t h e  
s t a t i s t i c a l l y  e s t i m a t e d  p r e c i s i o n  f o r  i n c r e a s i n g l y  l a r g e r  c o n f i d e n c e  i n t e r v a l s .  
One sigma c o r r e s p o n d s  t o  a 68 p e r c e n t  conf idence  i n t e r v a l ,  2 sigma c o r r e s p o n d s  
t o  a 95 p e r c e n t  i n t e r v a l ,  and 3 sigma co r re sponds  t o  a 99 p e r c e n t  i n t e r v a l .  
The "observed" l e n g t h  s h i f t  i s  always computed, bu t  only h a s  meaning i f  
i n i t i a l  p o s i t i o n s  are  a v a i l a b l e  from a p r e v i o u s  survey and one h a s  knowledge 
of  l e n g t h  s h i f t  a t t r i b u t a b l e  t o  t h e  p r e v i o u s  survey p r e c i s i o n .  S i n c e  
propagated l e n g t h  r e l a t i v e  a c c u r a c i e s  r e p r e s e n t  s t a t i s t i c a l  estimates, t h e y  do 
not  r e q u i r e  a h igh  d e g r e e  of p r e c i s i o n .  D e s p i t e  t h i s  f a c t ,  l e n g t h s  are 
computed on a n  e l l i p s o i d ,  and t h e  e r r o r  p ropaga t ion  through eq. ( 1 4 )  u s e s  
e l l i p s o i d a l  c o e f f i c i e n t s  found i n  Rapp (1977) and Schwarz C1978). 

THE SOUTHWEST ARIZONA INERTIAL SURVEY 

The N a t i o n a l  Geode t i c  Survey ( N G S )  and Span I n t e r n a t i o n a l ,  I n c .  of 
S c o t t s d a l e ,  A r i z . ,  j o i n t l y  conducted a tes t  of a SPANMARK@Inertial System 
( L i t t o n  Autosurveyor)  from March 18 t o  A p r i l  1, 1981. A d i s c u s s i o n  of tes t  
s i t e  s e l e c t i o n ,  s i t e  p r e p a r a t i o n ,  and ISS f i e l d  p rocedures  may be found i n  
Leigh (1981).  That  d i s c u s s i o n  i s  summarized h e r e .  

11 



Test S i t e  Criteria 

Accuracy of e x i s t i n g  geode t i c  c o n t r o l  was t h e  ove r r id ing  concern f o r  t h e  
tes t .  
ad jacen t  s t a t i o n s  f o r  l a t i t u d e ,  l ong i tude ,  and e l e v a t i o n  was d e s i r e d .  No 
geode t i c  c o n t r o l  in t he  United S t a t e s  meets t h i s  d e s c r i p t i o n .  
h o r i z o n t a l  c o n t r o l  accuracy na turaLly  led  t o  cons ide ra t ion  of t h e  . 

t r a n s c o n t i n e n t a l  t r a v e r s e  (TCT). The TCT is a c c u r a t e  i n  scale t o  w i t h i n  one 
p a r t  per  m i l l i o n  when compared wi th  Doppler sa te l l i t e  observa t ions  (Gergen 
1979). No o t h e r  geodet ic  c o n t r o l ,  h o r i z o n t a l  o r  v e r t i c a l ,  approaches t h e  
accuracy of t h e  TCT. 

I d e a l l y ,  a c o n t r o l  g r i d  a c c u r a t e  t o  one p a r t  per m i l l i o n  between 

Emphasis on 

Secondary c r i t e r i a  were tes t  s i t e  proximity t o  S c o t t s d a l e ,  Ar iz . ,  and 
a v a i l a b l e  geode t i c  c o n t r o l  i n  80-kilometer s t r a i g h t  l i n e s  a long meridians and 
parallels.  Again, t h e  TCT a t  the  Cal i fornia-Arizona border  f u l f i l l e d  t h e s e  
c r i t e r i a  admirably.  F igure  1 p resen t s  a ske tch  of t h e  t es t  s i t e .  

Absence of a g r i d  p a t t e r n  i n  t h e  TCT is not  a c r i t i c a l  f a c t o r .  The high 
accuracy ensures  t h a t  any h o r i z o n t a l  sys temat ic  e r r o r s  are due t o  f a i l u r e  of 
the  ISS observa t ion  model, and not t o  convent ional  survey e r r o r s .  I f  t h e  ISS 
model is accura t e ,  then  g r i d  patterns may be easily simulated by linear error 
propagation (eq. 14). 

Minimally Constrained Adjustment 

To' provide the  b e s t  estimate of t h e  h o r i z o n t a l  c o n t r o l  p o i n t s ,  t h e  
Hor izonta l  Network Div is ion  of NGS computed a s imultaneous,  minimally 
cons t ra ined ,  least  squares  adjustment  of a l l  t h e  h o r i z o n t a l  and astronomic 
observa t ions  i n  t h e  area of the  tes t  s i t e .  S t a t i o n  TANG 1960, nea r  t h e  
junc t ion  of t h e  TCT near  Yuma, Ar iz . ,  was the  only cons t ra ined  'po in t .  The 
adjustment c'ontained 586 s t a t i o n s  and 4699 observa t ions ,  and produced a 
var iance  o f ' u n i t  weight of 1.668 with 2283 degrees  of freedom. 

During po r t ions  of t h e  t es t ,  t h e  ISS u n i t  was run beyond t h e  boundary of t h e  
o r i g i n a l  t es t  s i t e .  
t hese  supplemental  po in t s ,  a second adjustment  was performed over  a more 
ex tens ive  area. Th i s  adjustment contained 829 s t a t i o n s  and 6521 obse rva t ions ,  
producing a va r i ance  of u n i t  weight of 1.594 wi th  3137 degrees  of freedom. 
These  new coord ina te s  were a v a i l a b l e  a f t e r  conclusion of t h e  test  and have 
been used i n  t h e  subsequent a n a l y s i s .  Tab le  1 l i s t s  ad jus t ed  coord ina te s  for 
a number. of s t a t i o n s  i n  the  ISS tes t  area. 

To provide r e l i a b l e  coord ina tes  f o r  t h e  e v a l u a t i o n  of 

When comparing coord ina te s  from t h e  two adjustments ,  KOFA NORTH BASE 1947 
s h i f t e d  0.13 meter west by southwest when t h e  d a t a  i n  t h e  l a r g e r  area were 
added. Examination of o t h e r  coord ina te  p a i r s  on the  north-south l i n e  €ound 
s h i f t s  p ropor t iona l  t o  d i s t a n c e  from LANG 1960. The  north-south l i n e  pivoted 
counterclockw'ise very s l i g h t l y  i n  the  second adjustment .  No such p ivo t  was 
de tec t ed  along the east-west l i n e .  

Standard Operat ing Procedure 

A h e l i c o p t e r  c a r r i e d  t h e  ISS u n i t  during the  t e s t .  
each morning p r i o r  t o  t h e  day ' s  survey opera t ions .  

The u n i t  was a l igned  
Each day t h e  team would 
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repea ted ly  survey t h e  north-south o r  t h e  east-west leg of t h e  tes t  site. 
t r a v e r s e ' s u r v e y  cons i s t ed  of a forward run immediately followed by a reve r se  
run. On some days t h r e e  p a i r s  of runs  were success fu l ly  measured. 

Each 

Before each t r a v e r s e  run, t h e  u n i t  measured presurvey c a l i b r a t i o n  s t a t i o n s  
loca t ed  west of LANG 1960 RM 4 .  The u n i t  was updated a t  thes'e presurvey 
po in t s  as w e l l  a s  a t  LANG 1960 RM 4 ,  STOVAL RM 5 RM A 1971,  and KCFA NORTH 
BASE 1947.  A s  mentioned before ,  t h e  coord ina tes  used f o r  updates  a t  t h e s e  
po in t s  were computed i n  t h e  f i r s t  minimally cons t ra ined  adjustment .  
ad jus t ed  coord ina tes  were withheld from t h e  ISS measurement team u n t i l  a f t e r  
t he  test. 

A l l  o t h e r  

Procedure Var i a t ions  

During the course of t h e  t es t ,  some i n t e n t i o n a l  v a r i a t i o n s  i n  t h e  f i e l d  
procedures were introduced.  One var ia t ion was t h e  d e l i b e r a t e  i n t r o d u c t i o n  of 

33" 30' 
KOFA NORTH 

BASE 1947 
(20 1 2) 

2009 

2008 

2007 

2003 207 
0 Yuma. AZ - 2 b  

Miles 
10 0 10 20 30 40 
F .  .. .'.. - J 

1 

10 0 10 20 30 40 

KILOMETERS 

Figure  1.--Southwest Arizona tes t  course .  
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T a b l e  1.--Adjusted c o o r d i n a t e s  u s i n g  c o n v e n t i o n a l  h o r i z o n t a l  o b s e r v a t i o n s  

. S t a t i o n  name Number L a t i t u d e  Long i tude  

LANG 1960 RN 4 
BEACON 2 1971 A2 MK 2 
OVERPASS 1934 
ADONDE 1934 
PASS0 1960 RI4 2 
N A V I  1960 
GAEL 1934 RM 5 
COLFRED USGS 2 1971 
PEMB 1960 
OWL 1934 RN 4 
AWK 1960 REI 4 
K I N  1960 RN 3 

QUARRY 
BENCH MARK USBR 1934 RM 4 
COUNTRY WELL RM 2 RESET 
TT 6 USE 1956 
PELIGRO 1949 
HILL TOP 1949 RM 3 
I N D I A N  1949 RM 2 ' 
PGT NO 3 AMs 1971 RM 3 
CHOCO 1949 RM 2 
KOFA SOVX BASE 1949 RII 2 
!-~Cl.:'i'. iGORTH BASE 1947 

STOVAL RM 5 RM h 1971 

1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 
101 1 
1012 
1013 
2002 
2003 
2 004 
2005 
2006 
2007 
2 008 
2009 
2010 
201 1 
2012 

32' 40' 7!'39636 
32 40 42.73378 
32 40 9.24811 
32 39 28.93223 
32 40 19.77996 
32 40 48.51619 
32 41 46.57782 
32 42 22.71959 
32 42 40.46306 
32 43 6.70717 
32 43 41.28930 
32 44 18.00110 
32 45 27.59854 
32 44 38.91312 
32 48 39.30649 
32 51 31.24118 
32 55 20.80390 
33 1 19.93113 
33 6 15.20785 
33 10 25.50005 
33 14 22.15943 
33 18 42.14580 
33 22 37.06334 
33 27 49.48687 

114' 24' 
114 18 
114 15 
114 11 
114 6 
114 3 
113 57 
113 53 
113 51 
113 48 
113 45 
113 41 
113 38 
114 25 
114 22 
114 21 
114. 18 
114 16 
114 17 
114 16 
114 15 
114 12 
114 12 
114 12 

2 9 1'94 7 78 
30.19185 
52.09266 
29.2862 9 
58.91308 
3.21521 
18.62 695 
33.41455 
25.24326 
10.69975 
26 -24630 
46.09492 
19.83475 
13.657 60 
33.54397 
32.34 947 
49.69741 
53.67928 
55.48380 
34.20444 
28.51893 
56.57168 
59.96262 
59 m a 2  

an erroneous c o o r d i n a t e  a t  the  f a r  upda te  po in t .  
made i n  t h e  c r o s s - t r a c k  d i r e c t i o n .  
t h e  e r r o r  was 1.85 meters s o u t h .  
e r r o r  w a s  6.06 meters east .  
upon t h e  onboard p r o c e s s i n g  of  t h e  Autosurveyor ,  and t o  d i s c o v e r  i f  t h e s e  
e r r o r s  cou ld  be s u c c e s s f u l l y  removed by a n  i n e r t i a l  a d j u s t m e n t  model. 

The d e l i b e r a t e  errors were 
A t  s t a t i o n  1013 (STOVAL RM 5 RM A 1971) 

A t  s t a t i o n  2012 (KOFA NORTH BASE 1947) t h e  
These e r r o r s  were made t o  d i s c o v e r  t h e  e f f e c t  

Another v a r i a t i o n  was t h e  a d d i t i o n  of i n t e r v e n i n g  s t a t i o n s  a l o n g  t h e  
t r a v e r s e s .  T h i s  was done a l o n g  bo th  l e g s .  I n  f a c t ,  on one no r th - sou th  
t r a v e r s e  run ,  a ZUPT was made midway between each p a i r  of s t a t i o n s .  These 
variations were made to t e s t  e f f e c t s  of  a shorter ZUPT interval.  

A v a r i a t i o n  mentioned ear l ier  was t h e  e x t e n s i o n  of t h e  s u r v e y  beyond t h e  
o r i g i n a l  limits of t h e  tes t .  
l a s t  day of t h e  tes t .  
east-west c o u r s e  twice as long  as t h a t  used f o r  t h e  normal t e s t .  

One example of t h i s  v a r i a t i o n  occur red  on t h e  
A forward run w i t h  no r e v e r s e  run was made o v e r  a n  

TEST DATA 

The ISS u n i t  writes t h e  d a t a  o n t o  cassettes of  magnet ic  t a p e .  Each cassette 
t y p i c a l l y  c o n t a i n s  t h e  s u r v e y  i n f o r m a t i o n  f o r  a day 
o p e r a t i o n .  
t h e s e  d a t a  o n t o  a reel  of n i n e  t r a c k ,  magnet ic  t a p e .  
a l s o  s u p p l i e d  computer listings of  t h e  smoothed c o o r d i n a t e s  and t h e i r  a d j u s t e d  
v a l u e s .  
Kouba (1977). 

0 r . a  p o r t i o n  of a d a y ' s  

I n  a d d i t i o n ,  t h e  GSC 
The Geode t i c  Survey of Canada (GSC) k i n d l y  agreed t o  r e f o r m a t  

For more i n f o r m a t i o n  on t h e  GSC p r o c e s s i n g  of i n e r t i a l  d a t a ,  see 

1 4  
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The d a t a  were o rgan ized  i n t o  25 f i l e s ,  one f i l e  f o r  each cassette. A se t  of 
7 9  d a t a  e l emen t s  comprised each mark r eco rd .  
r e c o r d s  f o r  a p a r t i c u l a r  cassette. These d a t a  were transformed i n t o  t h e  
format  d e s c r i b e d  i n  appendix B. 

Each f i l e  h e l d  a l l  t h e  mark 

Appendix E , c o n t a i n s  a summary of t h e  d a t a  sets. 

Data Sc reen ing  

The Gregerson 'model  ( e q s .  15 ,  16,  and 1 7 )  behaves badly f o r  p a r t i a l  t r a v e r s e  
r u n s  c o n t a i n i n g  o n l y  a forward o r  a r e v e r s e  run  (Hannah and P a v l i s  1980). 
Only t h o s e  d a t a  f o r  complete  t r a v e r s e  runs ,  forward and r e v e r s e ,  were 
r e t a i n e d .  I n  some cases, g a p s  were d i s c o v e r e d  i n  t h e  d a t a ,  c a u s i n g  
e l i m i n a t i o n  of t h a t  p a r t i c u l a r  t r a v e r s e .  
media fa i lure ,  or due to  problems i n  t h e  t rans la t ion  t o  t h e  n ine  t r a c k  tape. 
Data on 13 d i f f e r e n t  cassettes were re ta ined .  

I am unsure  i f  t h e  g a p s  were due  to  

Next, d i a g n o s t i c  a d j u s t m e n t s  on each complete  traverse were computed. 
a d j u s t m e n t s  used t h e  Gregerson model descr ibed ear l ie r .  
t h e  r e j e c t i o n  of a t r a v e r s e  run ( c a s s e t t t e  312) due t o  severe r e s i d u a l s .  
shou ld  be noted t h a t  the  subsequent  t r a v e r s e ,  cassette 324, f a i l e d  due to  
v e l o c i t y  runaway of t h e  ISS u n i t .  
on cassette 324 was d e t e c t e d  by t h e  Gregerson model ad jus tmen t  i n  t h e  p r i o r  
traverse. 

These 

It 

The problem which l e d  t o  v e l o c i t y  runaway 

The r e s u l t s  l e d  to 

F i n a l l y ,  t h e  d a t a  f o r  t h e  t r a v e r s e  runs observed w i t h  e x p e r i m e n t a l  
p rocedures  were set  a s i d e .  
a r e a s ,  runs with  mid-traverse coordinate  updates,  and runs wi th  halved ZUPT 
intervals .  

T h i s  excluded t h e  t r a v e r s e  runs  o v e r  ex tended  

The r e s u l t  was a homogeneous set  of  d a t a ,  u s i n g  known procedures ,  obse rved  
o v e r  a known t e s t  s i t e .  The set  c o n t a i n e d  18 complete  t r a v e r s e  runs ,  forward 
and r e v e r s e .  
days.  Ten of t h e  t r a v e r s e s  were observed a l o n g  t h e  east-west l i n e ,  w h i l e  t h e  
remaining 8 were o r i e n t e d  north-south.  
t h e  t r a v e r s e s  . 

The d a t a  were reco rded  o n t o  11 cassettes spann ing  9 d i f f e r e n t  

Table  2 c o n t a i n s  a b r i e f  summary of 

T a b l e  2.--Traverse summary 
Number Date Casse t t e D i r e c t o r  Con!meu I: 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 

3/19 
312 1 
312 1 
3/22 
3/22 
3/22 
3/24 
3/26 
3/27 
3/27 
3/27 
3/28 
3/28 
3/28 
3/29 
3/29 
3/29 

3 02 
3 05 
305 
3 06 
306 
306 
309 
3 14 
315 
316 
317 
3 18 
318 
318 
319 
319 , 

319 

EW 
NS 
NS 
NS 
N s 
NS 
NS 
N s 
EW 
EW 

EW 
EW 
EW 
EW 
Ebl 
EW 

False l o n g i t u d e  u p d a t e  
F a l s e  p re su rvey  u p d a t e  

F a l s e  l a t i t u d e  u p d a t e  

18 3/31 322 NS 
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ADJUSTMENTS 

The d a t a  from t h e  s e l e c t e d  t r a v e r s e  runs were combined w i t h  a s imultaneous,  
minimally cons t r a ined ,  least squares  adjustment us ing  t h e  Gregerson 12  
parameter model. 
cons t ra ined .  
1013, 2006,and 2012 were he ld  f ixed .  
mlnimally cons t ra ined  adjustment.  
s tandard  e r r o r s  were 0.1 meter f o r  d i f f e r e n t i a l  l a t i t u d e ,  d i f f e r e n t i a l  
longi tude ,  and d i f f e r e n t i a l  he igh t .  

This  model r e q u i r e s  t h a t  t h e  midpoint of a. t r a v e r s e  be 
The l a t i t u d e s ,  l ong i tudes ,  and e l e v a t i o n s  of s t a t i o n s  1001, 1007, 

These 15  c o n s t r a i n t s  produced a 
The a p r i o r i  estimates of obse rva t ion  

The a p r i o r i  va r i ance  of u n i t  weight was 1.0. 

Parameter Scope 

One ques t ion  which has  no t  been proper ly  addressed i n  t h e  l i t e r a t u r e  
concerns parameter scope. 
e r r o r  model? 
complete t r a v e r s e  run 
parameters s a t i s f a c t o r y  f o r  a l l  t r a v e r s e  runs i n  a day? 
vary i n  scope, wi th  some parameters covering more t r a v e r s e s  than  o t h e r s ?  

What should be t h e  scope of each parameter i n  an  
Should a s e t  of 12 parameters f o r  t h e  Gregerson model cover  a 

o r  only a forward o r  a r eve r se  run? Is one set of 
Do t h e  1 2  parameters  

To begin t o  exp lo re  t h e s e  ques t ions ,  some pre l iminary  ad jus tments  were 
Three d a t a  sets were e x t r a c t e d ,  each of which conta ined  t h r e e  computed. 

complete t r a v e r s e  runs observed i n  a s i n g l e  day. 
was ad jus t ed  twice. 
run,  t o t a l i n g  36 parameters. 
e n t i r e  day. 

Each of t h e  t h r e e  d a t a  sets 

The o t h e r  adjustment used 12 parameters  f o r  t h e  
The f i r s t  adjustment  used 12 parameters  f o r  each t r a v e r s e  

The r e s u l t s  are summarized i n  t a b l e  3. 

As seen i n  t a b l e  3, fewer parameters r e s u l t  i n  a n  i n c r e a s e  i n  t h e  a 
p o s t e r i o r i  va r i ance  of u n i t  weight.  
These numbers support  t he  premise t h a t  many of t h e  parameters  i n  t h e  Gregerson 
model have t h e  scope of a day o r  longer .  

However, t h e  increases are  not l a r g e .  

To test t h e  o t h e r  extreme, adjustments  using 12 parameter's f o r  each forward 
run and 12 f o r  each r eve r se  run were computed. This  parameter iza t ion  made t h e  
adjustments  very i l l - cond i t ioned ,  almost s ingu la r .  

Midpoint Cons t r a in t  

As mentioned earlier,  the  Gregerson model r e q u i r e s  t h a t  bo th  endpoin ts  and a 
midpo in t  of a traverse be he ld  f ixed .  Some experiments d i d  indeed v e r i f y  t h a t  
t he  model i s  s i n g u l a r  without  a f i x e d  midpoint. 
demonstrated i t  was poss ib l e  t o  s p e c i f y  any o t h e r . t r a v e r s e  p o i n t  as t h e  
midpoint c o n s t r a i n t  without  a l t e r i n g  any r e s i d u a l s .  Thus, f o r  example, 
s t a t i o n  1006 could be cons t ra ined  i n s t e a d  of 1007, and t h e  r e s i d u a l s  and 
var iance  of u n i t  weight would remain unchanged. 
minimally cons t ra ined  adjustment .  

Other ad jus tments  

Th i s  r e s u l t  is expected i n  a 

Table  3.--Standard d e v i a t i o n s  of u n i t  weight w i t h  d i f f e r e n t  parameters  

Cassette ~ ~ - 7 3 6  parameters  G0--12 parameters  

306 
318 
319 

2.34 
1.90 
1.34 

2.80 
2.37 
1.53 
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As also expected by theory ,  t h e  values of t h e  ad jus t ed  coord ina te s  do change 
when a d i f f e r e n t  midpoint is selected. Experiments revealed t h a t  ad jus t ed  
p o s i t i o n  s h i f t s  d i d  not* change d rama t i ca l ly  when d i f f e r e n t  midpoints  were 
se l ec t ed .  
midpoint c o n s t r a i n t  was s e l e c t e d  near  t h e  c e n t e r  of t h e  traverse, r a t h e r  than  
near t h e  ends. 

General ly ,  smaller s h i f t s  were obtained on t h e  traverse when t h e  

Combined Adjustment 

Given these  f i n d i n g s ,  t h e  c o n s t r a i n t s  of  1001, 1007,1013, 2006, and 2012 
were used. 
of 0.001 meter p r e c i s i o n  f o r  l a t i t u d e  and longi tude ,  and of 1.0 neter f o r  
e l eva t ion .  The d i f f e r e n t  va lue  of t h e  e l e v a t i o n  c o n s t r a i n t  r e f l e c t s  t he  
unce r t a in ty  of  t he  TCT e l e v a t i o n s .  

The c o n s t r a i n t s  were app l i ed  as 15  coord ina te  observa t ions ,  each 

To , s tudy  parameter scope more c l o s e l y ,  each set of 12 parameters  was g iven  
t h e  scope of one complete traverse. 
t rqve r ses ,  18 x 12 = 216 parameters were used t o  desc r ibe  t h e  iner t ia l  da t a .  
A t o t a l  of 38 p o i n t s  p a r t i c i p a t e d  in t h e  adjustment ,  24 of  which were t h e  
t r a v e r s e  p o i n t s  v i s i t e d  i n  each run  (1001-1013,1001-2012). 
one se t  of t h r e e  coord ina te s  was a l l o c a t e d  t o  each poin t ,  t h e  coord ina te s  
con t r ibu ted  another  114 unknowns t o  t h e  ad jus tment . .  Th i s  l e d  t o  a t o t a l  of 
1392 observa t ions  and c o n s t r a i n t s ,  330 unknowns, and 1062 degrees  of freedom 
in t h e  combined adjustment .  
3.28. 

Since  t h e  d a t a  set he ld  18 complete 

S ince  one and only 

The a p o s t e r i o r i  va r i ance  of u n i t  weight w a s  

P rec i s ion  

P rec i s ion  is t h e  measure of i n t e r n a l  cons is tency  and desc r ibes  t h e  
r e p e a t a b i l i t y  of an  observa t ion .  To examine t h e  p r e c i s i o n  of t h e  ISS u n i t ,  
t he  square  weighted r e s i d u a l s  were summed CVTPV f o r  @ , A ,  and n in each of 
t h e  18 t r a v e r s e s .  I n  a d d i t i o n ,  t h e  square  root  of the  square  weighted 
r e s i d u a l s  d iv ided  by the.number of t h e  observa t ions  CVTPV w a s  computed f o r  
each category.  

This  va lue ,  t h e  roo t  mean square  weighted r e s i d u a l ,  is  a b iased  e s t i m a t o r  of 
t h e  a pos te r i .o r i  s tandard  dev ia t ion  of u n i t  weight. It c o n s i s t e n t l y  
underest imates  t h e  s tandard  d e v i a t i o n  of u n i t  weight. However, i t  can be used 
t o  make comparisons between runs and between observa t ion  types.  These numbers 
are presented i n  t a b l e  4. 

Figure 2 p l o t s  t he  roo t  mean square  weighted r e s i d u a l s  f o r  t h e  l a t i t u d e  
d i f f e r e n c e  observa t ions  of t h e  t r ave r ses .  F igure  3 p l o t s  similar numbers f o r  
longi tude .  The h o r i z o n t a l  l i n e s  i n  both f i g u r e s  are merely t h e  average va lues  
of t hese  r e s i d u a l s .  These numbers, i n  con juc t ion  wi th  the  s t anda rd  d e v i a t i o n  
of u n i t  weight ,  i n d i c a t e  t h a t  t h e  ISS u n i t  measures l a t i t u d e  and e l e v a t i o n  
d i f f e r e n c e s  wi th  a p r e c i s i o n  of roughly 0.175 meter, and longi tude  d i f f e r e n c e s  
wi th  a p r e c i s i o n  of around 0.2 meter. 

The key poin t  about f i g u r e s  2, 3 and t a b l e  4 is t h a t  t h e  long i tude  r e s i d u a l s  
tend t o  be l a r g e r  than  t h e  l a t i t u d e  r e s idua l s .  There are no apparent  reasons  
f o r  t h e  ZSS u n i t  t o  ope ra t e  more p r e c i s e l y  i n  l a t i t u d e  than i n  longi tude .  A 
de f i c i ency  i n  t h e  Gregerson long i tude  model d i f f e rence , eq .  (16),may be causing 
t h e  l a r g e r  r e s i d u a l s .  
longi tude .  

The system should be equa l ly  p r e c i s e  i n  l a t i t u d e  and 
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Figure 2.--Root mean square weighted lat i tude  difference residuals. 
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Figure 3.--Root mean square weighted longitude difference residuals .  
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T a b l e  4 . - -Res idua ls  c a t e g o r i z e d  b y  traverse run and t y p e  
~- 

Number of  L a t i t u d e  Long i tude  Height 
Run o b s e r v a t i o n s  nus, VTPV rms, VTPV m s  , VTPV 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1 6  
17 
18 
Total 

24 
22 
22 
22 
22 
22 
2 6  
26  
2 8  
28 
26 
27 
2 6  
26 
28  
28 
30 
2 6  

4 59 
- 

1 .65  
1 .39  
1.48 
1.54 
2.19 
2.34 
1.85 
2 .10  

.91  
1 .03  
1 . 2 6  
1 .35  
1.25 
1.57 
1 .34  
1.51 
1 .oo 
1.32 
1.53 

2 .31  
1 .43  
1.17 
2 .96  
1.61 
2.14 
2.06 
1.66 
1.14 
1.07 
1 .48  
2.07 
1.34 
2.24 
1.85 
1.34 
1.30 
1 .67  
1 .76  

2 .45  
1.42 
1 . 2 1  
1 .79  
1.53 
1.68 
1.23 
1.11 
1.27 
1.24 

.87 
2 .11  
1 .48  
1.65 

.98 

.75  

.73  
1 .86  
1.46 

More scat ter  i s  n o t i c e a b l e  i n  t h e  l o n g i t u d e  r e s i d u a l s .  The r e s i d u a l s  have 
t h e  same t r e n d s .  
l o n g i t u d e  r e s i d u a l s .  Also of i n t e r e s t  are some of t h e  f i e l d  p rocedure  
anomalies .  A t  t r a v e r s e  8 ( c a s s e t t e  3 1 4 ) ,  a p o i n t  which d i d  no t  have 
p r e v i o u s l y  a d j u s t e d  c o o r d i n a t e s  was used f o r  p re su rvey  i n i t i a l i z a t i o n .  A peak 
a p p e a r s  i n  t h e  l a t i t u d e  r e s i d u a l s  i n  f i g u r e  2 .  However, no p r o c e d u r a l  
v a r i a t i o n s  e x p l a i n  t h e  l o n g i t u d e  r e s i d u a l  peaks f o r  t r a v e r s e s  5 ,  6 ,  and 9. 
The false c o o r d i n a t e  u p d a t e s  a t  t h e  ends  of t h e  t r a v e r s e  seem t o  have major  
e f f e c t  on l o n g i t u d e  ( f i g .  3).  I n  t r a v e r s e  7 ,  a f a l s e  l o n g i t u d e ,  and i n  
t r a v e r s e  1 2 ,  a f a l s e  l a t i t u d e ,  were used f o r  t h e  p o s i t i o n  u p d a t e s .  An 
e x p l a n a t i o n  f o r  t h e  t r a v e r s e  4 l o n g i t u d e  r e s i d u a l s  h a s  n o t  been found. 

Tha t  is, h i g h  l a t i t u d e  r e s i d u a l s  tend t o  occur  w i t h  h igh  

I n  c l o s i n g  t h i s  s e c t i o n ,  some p o i n t s  must be made. S i n c e ’ a  min ima l ly  
c o n s t r a i n e d  ad jus tmen t  was performed, t h e s e  r e s u l t s  on r e s i d u a l s  are i n v a r i a n t  
w i t h  r e s p e c t  t o  t h e  s p e c i f i c  c h o i c e  of  t h e  c o n s t r a i n t s .  A l so ,  a s i m p l e  a- 
p r i o r i  weight model w a s  used f o r  t h e  ad jus tmen t .  However, b e f o r e  more work 
c a n  be done on o b s e r v a t i o n  we igh t  models, more p r o g r e s s  i s  needed w i t h  t h e  
o b s e r v a t i o n  models themselves .  

Gregerson Model Pa rame te r s  

A s  d i s c u s s e d  ea r l i e r ,  a se t  of  1 2  parameters  w a s  a s s i g n e d  t o  each  o f  t h e  18 
t r a v e r s e s .  These numbers are  p r e s e n t e d  inmappendix F. The f i r s t  column is 
t h e  a d j u s t e d  v a l u e  of t h e  p a r a m e t e r ,  t h e  second i s  t h e  s t a n d a r d  d e v i a t i o n  of 
t h a t  parameter  computed by l i n e a r  error p r o p a g a t i o n ,  t h e  t h i r d  column is t h e  
q u o t i e n t  of t h e  f i r s t  two columns, and t h e  f o u r t h  column i s  t h e  Googe number 
of  t h a t  pa rame te r  . 
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The u n i t s  of t h e  parameters are q u i t e  d i f f e r e n t  and complicate 
i n t e r p r e t a t i o n  of t he  r e s u l t s .  
parameter s tandard  dev ia t ions  g i v e s  a u n i t l e s s  number r e l a t e d  t o  a t 
s ta t i s t ic .  A normalized parameter c l o s e  t o  ze ro  i n d i c a t e s  t h a t  t he  parameter 
does not  have a s i g n i f i c a n t  e f f e c t  i n  t h e  adjustment.  
parameters t o  zero ,  e f f e c t i v e l y  removing them from t h e  adjustment  without  
g r e a t l y  d i s t u r b i n g  the  r e s u l t s .  
' v e r i f i e d  by a n  appropr i a t e  F tes t .  
Gregerson parameters gene ra l ly  do not a t t a i n  l a r g e  va lues .  

Figure 4 p l o t s  t he  normalized va lues  of C4 ( l a t i t u d e )  f o r  t h e  t r a v e r s e  runs.  
Figure 5 p l o t s  the  normalized va lues  of c8 ( longi tude) .  
exceptions, these values are  close to  zero. Recall that fa l se  update values 
were used in traverse 7 and 1 2 ,  and t h a t  traverse 8 used an incorrect 
presurvey i n i t i a l i z a t i o n  coord ina te .  No abnormal f i e l d  procedures  e x p l a i n  t h e  
normalized C4 value  f o r  t r a v e r s e  1 o r  t h e  c8  va lues  i n  t r a v e r s e s  2, 3, and 4. 
The f a l s e  longi tude  updates i n  traverse 7 have a spec tacu la r  e f f e c t  upon t h e  
c8 parameter. I do not f e e l  t h e r e  is  any c o r r e l a t i o n  between a d e l i b e r a t e  
p o s i t i o n a l  e r r o r  and t h e  ZUPT i n t e r v a l  used i n  t h e  survey. Rather ,  I a m  
see ing  the  Gregerson model t r y i n g  t o  absorb an unmodelled p o s i t i o n a l  e r r o r  as 
b e s t  i t  can. 
Gregerson model are not needed. 

Normalizing the  parameter va lues  by t h e  

One can c o n s t r a i n  such 

Of course,  any such c o n s t r a i n t  should be 
Inspec t ion  of appendix F shows t h a t  t h e  

With a few 

I f e e l  i t  is  s a f e  t o  s a y  t h a t  t he  C4 and C 8  parameters  i n  t h e  

As a tes t ,  I ad jus t ed  t h e  t h r e e  t r a v e r s e s  on cassette 318. The 
unconstrained,  weighted, var iance  sum was 593.6 wi th  165 degrees  of freedom. 
Then t h e  va lues  of Cq and C8 were cons t ra ined  t o  ze ro  i n  a l l  t h r e e  terms, 
totaling 6 constraints. That adjustment produced a variance sum of 619.6 and 
1 7 1  degrees  of freedom. Our n u l l  h y p o t h e s i s  is t h a t  a l l  six parameters are 
zero.  The F s t a t i s t i c  is 

(619.6 - 593.6)/(171 - 165) = 1.20 
593.6/165 F6 ,165 = 

The hypothesis  can be r e j e c t e d  a t  t he  25 percent  l e v e l ,  but  cannot be 
r e j ec t ed  a t  the  50 percent  l e v e l  o r  h igher .  I n  o the r  words, i f  one s ta tes  
t h a t  a t  least  one of t he  parameters is no t  equal  t o  zero ,  one r i s k s  a chance 
between 50 percent  t o  75 percent  of being wrong. This  is  evidence t h a t  t h e  
C q  and C 8  parameters are not needed to process the data. 

Accuracy 

Accuracy is the  measure of e x t e r n a l  consis tency.  Accuracy d e s c r i b e s  how 
w e l l  an  observa t ion  agrees  wi th  observa t ions  of a d i f f e r e n t  c h a r a c t e r  o r  wi th  
a p r i o r i  knowledge of the " t rue"  observa t ion .  For example, t h e  TCT w a s  
designed f o r  one pa r t  per  m i l l i o n  p rec i s ion .  But u n t i l  t h e  intercomparison of 
TCT and Doppler s a t e l l i t e  observa t ions  (Gergen 1979), i t  was not  c e r t a i n  t h e  
TCT achieved one p a r t  p e r  m i l l i o n  accuracy. For t h e  purposes of t h i s  test ,  
the  TCT p o s i t i o n s  may s a f e l y  be considered e r r o r  f r e e .  

Table 5 d i s p l a y s  the  ad jus t ed  .pos i t ions  computed from i n e r t i a l  obse rva t ions  
and t h e  d i f f e r e n c e s  between t h e  TCT and t h e  ISS p o s i t i o n s  i n  meters. The 
sense of t he  d i f f e r e n c e s  i s  TCT minus ISS, with  l a t i t u d e  p o s i t i v e  no r th  and 
longi tude  positive e a s t .  
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T a b l e  5.--Adjusted I n e r t i a l  Survey System p o s i t i o n s  and p o s i t i o n  s h i f t s  

TCT I n e r t i a l  Survey System 
I n e r t i a l  Survey Iner t ia l  Survey . l a t i t u d e  l o n g i t u d e  

St::tion System l a t i t u d e  System l o n p i t u d e  s h i f t  n o r t h  s h i f t  east 

1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 
1011 
1012 
1013 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 1 

32' 40' 7!'39636 
32 40 42.72926 
32 40 9.24665 
32 39 28.94035 
32 40 19.78441 
32 4i: 48.51984 
32 41 46.57782 
32 42 22.71924 
32 42 40.46243 
32 43 6.70581 
32 43 41.28710 
32 44 17.99584 
32 45 27.59854 
32 44 38.90550 
32 48 39.31093 
32 51 31.24369 
32 55 20.81168 
33 1 19.93113 
33 6 15.20220 
33 10 25.50101 
33 14 22.15564 
33 18 42.153.03 
33 22 37.06517 

114' 24' 29!'94778 
114 18 30.20609 
114 15 52.09993 
114 1 1 -  29,28443 
114 6 58.91141 
114 3 3,21138 
113 57 18.62695 
113 53 33.41661 
113 51 75,24449 
113 48 10,69588 
113 45 26,24398 
113 41 46.09254 
113 38 19.83475 
114 25 13.64737 
114 22 33.53668 
114 21 32.34895 
114 18 49.69431 
114 16 53.67928 
114 17 55.47507 
114 16 34.19250 
114 15 28,51281 
114 12 56.56818 
114 12 59,96134 

in) 

0 .ooo -. 139 
-.045 
.250 
.I37 
.112 
,000 -. 01 1 

-.019 -. 042 
-. 068 
-. 162 

.coo - 
-.235 
.137 
.077 
.240 
.ooo -. 174 
.030 

.223 

.056 

'-,117 

(m) 

0.000 
-.371 
-.I89 
.048 
.044 
,100 . 000 -. 054 

-, 032 
.lo1 
.061 
.062 
.ooo 
.266 
.190 
.014 
.081 
.ooo 
.226 
.309 
,158 
,090 
.033 

2012 33 27 49.48687 114 12 59,86782 .ooo ,000 

Not ice  t h a t  t h e  e l e v a t i o n s  are omi t t ed  from t a b l e  5. T h i s  omiss ion  i s  
d e l i b e r a t e .  The TCT e l e v a t i o n s  are  not h i g h l y  accurate,  so e l e v a t i o n  
in t e rcompar i son  i s  i n a p p r o p r i a t e .  F i g u r e  6 p l o t s  t h e  l o n g i t u d e  d i f f e r e n c e s  
from t a b l e  5 for t h e  east-west p o r t i o n  of t h e  survey.  F i g u r e  7 p l o t s  
l o n g i t u d e  d i f f e r e n c e s  computed from i n d i v i d u a l  ad j u s t m e n t s  of cassettes 302, 
315, 316, 317, 318, and 319. These f i g u r e s  d i s p l a y  ISS i n a c c u r a c i e s  a l o n g  t h e  
t r a c k  of  t h e  su rvey .  One immediately n o t i c e s  a westward b i a s  around s t a t i o n  
1002. 

To de te rmine  i f  t h i s  b i a s  i s  s e r i o u s  o r  n o t ,  t h e  p o s i t i o n  d i f f e r e n c e  i s  
compared w i t h  s t a n d a r d  d e v i a t i o n s  computed by l i n e a r  e r r o r  p r o p a g a t i o n .  Tab le  
6 l i s ts  t h e  c o o r d i n a t e  s h i f t s  i n  t a b l e  5 and t?eir  p s o c i a t e d  a p o s t e r i o r i  
s t a n d a r d  d e v i a t i o n  a t  t h e  95 p e r c e n t  l e v e l  ( 2  U$,2 ah). 
stctist ics p r e d i c t  t h a t  95 p e r c e n t  of t h e  p o s i t i o n  s h i f t s  shou ld  f a l l  w i t h i n  a 
2 Q l i m i t .  

I n  o t h e r  words, 

Examination of t a b l e  6 shows s y s t e m a t i c  e r r o r s  i n  t h e  TSS d a t a .  The e r r o r s  
are not s e v e r e ,  bu t  t hey  are  n o t i c e a b l e .  S y s t e m a t i c  e r r o r s  ar ise  when t h e  
o b s e r v a t i o n  model does n o t  c o r r e c t l y  d e s c r i b e  t h e  measurements. The Gregersoii  
1 2  parameter  model does n o t  c o r r e c t l y  model L i t t o n  Autosurveyor  o b s e r v a t i o n s  
recorded i n  t h e  79 element  mark d a t a  s e t .  
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Figure 6.--Combined west-east longitude differences. 

Figure 7.--Individual*west-east longitude diffcrences- 
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Table  6.--Position s h i f t s  and p o s i t i o n  p r e c i s i o n s  (2 5) 
L a t i t u d e  La t i tude  Longitude Longitude ~ 

Number S h i f t  p rec i s ion  (2 ii) s h i f  t p r e c i s i o n  (2 a) 
(m) (m) 

1001 ' 0.000 0.004 0.000 . 0.004 
1002 -. 139 .lo5 -.371 .lo5 
1003 -.045 ,116 -.le9 ,116 
1004 .250 .170 .048 ,170 
1005 .137 .123 .044 .123 
1006 .112 .094 .loo .094 
1007 .ooo .004 .ooo .004 
1008 -. 01 1 .076 -. 054 .076 
1009 -.019 .098 -. 032 .098 
1010 -.042 .lo9 .lo1 .lo9 
1011 -. 068 ,105 .061 .lo5 
1012 -.162 .091 .. 062 .091 
1013 . 000 .004 .ooo ,004 
2002 -.235 ,163 .266 .163 
2003 * 137 .119 -190 -119 
2 004 .07 7 .127 .014 .127 
2 005 .240 . .091 ,081 .091 
2006 . 000 .004 .ooo .004 
2007 -. 174 .138 .226 .138 
2 008 .030 .123 .309 .123 
2009 -.117 .116 .158 .116 
2010 .223 ,138 .090 .138 
:?oil .056 .098 .033 .098 
2012 .ooo .004 .ooo .004 

I n  a manner similar t o  f i g u r e s  6 and 7, f i g u r e s  8 and 9 d i s p l a y  l a t i t u d e  
d i f f e r e n k e s  a c r o s s  the  t r a c k  of t he  west-east survey. F igures  10 and 11 show 
l a t i t u d e  d i f f e r e n c e s  a long  t h e  t r a c k  of t he  south-north t r a v e r s e .  And 
f i g u r e s  12 and 13 i l l u s t r a t e  longi tude  d i f f e r e n c e s  a c r o s s  t h e  t r a c k  of t h e  
south-north survey. 

The systematic e r r o r s  are  most ev ident  i n  t h e  c ross - t rack  of t h e  south-north 
t r ave r se .  The ISS e r r o r s  have a d e f i n i t e  eastward b ias .  Th i s  r e i n f o r c e s  
evidence presented e a r l i e r  i n  this r epor t .  The Gregerson model is d e f i c i e n t  
i n  modeling longi tude  observa t ions  from t h e  ISS u n i t .  
d i s t u r b  t he  l a t i t u d e s ,  but  predominate i n  longi tude .  

Systematic  e r r o r s  a l s o  

Figure 13, which p l o t s  the  c ross - t rack  sys temat ic  e r r o r s  from t h e  
south-north runs ,  has a p a r t i c u l a r l y . l a r g e  curve which reaches 0.8 meter a t  
s t a t i o n  2007. This  curve corresponds t o  cassette 309, and t h i s  t r a v e r s e  had a 
d e l i b e r a t e  longi tude  update.  Cl.early,  t h e  Gregerson model has d i f f i c u l t y  i n  
captur ing  t h e  e r r o r s  introduced by such d i s t o r t i o n s .  The second l a r g e s t  curve 
comes from cassette 314. F i e l d  procedures were v i o l a t e d  when those  
observa t ions  were made. 
t he  true coord ina tes  were withheld u n t i l  a f t e r  t h e  tes t ,  t h e  p o s i t i o n  used f o r  
t he  update was i n  e r r o r .  Th i s  e r r o r  amounted t o  0.5 meter in longi tude .  Th i s  
v i o l a t i o n  i n  f i e l d  procedure could e x p l a i n  the  sys temat ic  e r r o r s  i n  cassette 
314. The remaining t r a v e r s e s ,  305, 306, and 322, conform t o  t h e  t es t  f i e l d  
procedures.  Even d i s r ega rd ing  309 and 314, which account f o r  two complete 
runs,  t h e  remaining d a t a  comprise s i x  complete runs,  and s t i l l  demonstrate  an 
eastward b i a s .  

A presurvey update was made a t  s t a t i o n  2003. Since  
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As mentioned earlier i n  t h i s  r e p o r t ,  t h e  s tandard  f o r  h o r i z o n t a l  c o n t r o l  i s  
t h e  l eng th  r e l a t i v e  accuracy between d i r e c t l y  connected ad jacen t  po in t s .  
is t h e  o f f i c i a l  s tandard  f o r  c l a s s i f i c a t i o n  of c o n t r o l  networks. 
r e l a t i v e  accuracy i s  expressed a s  a r a t i o ,  1:r, where r is  computed as 

This  
A l e n g t h  

8, - l s  

RS 
r =  

and Rsis t h e  computed d i s t a n c e  between the  known survey coord ina te s ,  and 

The l eng th  r e l a t i v e  accu rac i e s  f o r  t h e  ISS t es t  are presented  i n  t a b l e  7 .  
is t h e  computed d i s t a n c e  between t h e  survey coord ina tes  t o  be eva lua ted .  

The l eng th  r e l a t i v e  accu rac i e s  range from 1:24538 t o  1:2115481. S ince  t h e  
c l a s s i f i c a t i o n  s tandard  i s  expressed as a minimum value  of t h e  l e n g t h  r e l a t i v e  
accuracy, t h e  worst l eng th  r e l a t i v e  accuracy,  1:24528, m u s t  be used t o  
c l a s s i f y  t h e  tes t .  This  ISS tes t ,  processed by t h e  Gregerson model, meets the  
second o r d e r ,  class I1 s tandard ,  1:20000. It  does not q u a l i f y  f o r  second . 

orde r ,  class I,  o r  any h igher  o rde r  work. 

The presence of sys temat ic  e r r o r  i s  a l s o  ev ident  when examining t h e  l e n g t h  
r e l a t i v e  accu rac i e s .  
p o s t e r i o r i  s tandard  d e v i a t i o n  of t h e  ad jus t ed  length.  These va lues  are 
computed by e r r o r  propagat ion us ing  t h e  method d iscussed  ear l ie r  i n  t h i s  
r epor t .  
the  time. 

The r i g h t  hand column of t a b l e  7 l ists  twice t h e  a- 

S t a t i s t i c s  p r e d i c t  t hese  va lues  would only be exceeded 2.3 percent  of 

Table  7.--Length r e l a t i v e  accu rac i e s  

Line I RX-Rs I 1:r 

1001-1002 
1 002 -1 003 
1 003 - 10 04 
1004 -1 005 
1005-1006 
1006-1007 
1 007 -1 008 
1008-1 009 
1009-1010 
1010-1011 
1011-1012 
1012-1013 
1001 -2002 
2 002 -2 003 
2 003-2 004 
2 004 -2 005 
2 005-2006 
2 006-2007 
2 007-2 008 
2008-2009 
2 009-2 01 0 
2010-2012 
201 1-2 01 3 

(m) 
0.385 

.153 

.181 

.029 
,052 
.120 
.055 
.020 
.128 
.045 
.017 
.003 
.259 
,286 
. l o8  
.174 
.253 
.211 

' ,218 
.177 
.275 
.166 
.056 

(d (m) 
9436 1 : 24538 0.091 
4247 1 :27689 .087 
6960 1 :38413 . lo5  
7217 1 : 245558 .080 
62 04 1 : 118739 .065 
9153 1 :76271 .080 
597 1 1: 109243 -062 
3383 I : 170778 .065 
5131 1 :40205 .065 
4413 1 :97701 .062 
5843 1 :346177 .062 
5782 1:2155481 .043 
844 1 1 : 31422 .163 
84 97 1:29681 . l o9  
5530 1 : 51409 ,083 
8239 1 :47385 .112 

11466 1 :45407 .087 
9236 1 :43835 .134 

' 7993 1 : 36592 ,094 
7486 1 : 42331 .091 
8923 1 : 32455 .141 
7238 1 :43707 .091 
9625 1 : 17023 .098 
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CONCLUSIONS 

Experience wi th  INERT1 v a l i d a t e d  t h e  o r i g i n a l  des ign  aims. The c o r r e c t ,  
simultaneous adjustment  of mul t ip l e  t r a v e r s e  runs c l e a r l y  h igh l igh ted  d a t a  
problems. 
and model parameters enabled s t a t i s t i c a l  tests o f  the .C4 and C 8  
Gregerson model. 
observa t ion  p rec i s ion .  
accuracy 

The provis ion  f o r  weighted c o n s t r a i n t s  on both s t a t i o n  coord ina te s  
terms of t h e  

The va r ious  r e s i d u a l  s ta t i s t ics  a ided  e v a l u a t i o n  of 
Display of p o s i t i o n  s h i f t s  allowed e v a l u a t i o n  of model 

s i n c e  r e l i a b l e  i n i t i a l  p o s i t i o n s  were a v a i l a b l e .  

It may f u r t h e r  be concluded t h a t  the  Gregerson model does not accurately 
model L i t t o n  Autosurveyor observa t ions  made under t h e  prescr ibed  f i e l d  
procedures.  
number of model parameters,  v a r i a t i o n  of parameter scope,  i n c l u s i o n  of a 
s p e c i f i c  term f o r  heading misalignment,  and allowance f o r  v a r i a t i o n s  i n  
d e f l e c t i o n  of t he  v e r t i c a l .  

Poss ib l e  areas for model improvement would be v a r i a t i o n  of t h e  
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APPENDIX A.--INERT1 DATA FORMAT 

INERTL DATA FORMATS 

The INERTl d a t a  format is s t r u c t u r e d  i n t o  ,a "deck" of 6 record  types .  

INERTl parameter record (mandatory) 
'D '  I n i t i a l  p o s i t i o n s  (mandato cy) 
'K' Const ra ined  p o s i t i o n s  ' (mandatory) 
' N '  Cons t ra ined  model parameters ( o p t i o n a l )  
' I '  Inertial  obse rva t ions  (mandatory) 
'QD Length r e l a t i v e  accuracy computation ( o p t i o n a l )  

There is on ly  one INERTl parameter record  and i t  must be t h e  f i r s t  r eco rd  in t h e  d a t a  set. 
The remaining record types  may be' in te rmixed  somevhat, bu t  keeping them 
grouped by types  i n  t h e  o r d e r  above w i l l  gua ran tee  no s t r u c t u r e  problems. 
The iner t ia l  obse rva t ions  MUST be ch rono log ica l  and grouped together by traverse run. 

01-05 
06-10 
11-15 
16-25 
26-43 
4 4-4 4 
45-90 

01-01 
02-06 
07-36 
37-37 
30-39 
40-41 
62-48 
49-49 
50-52 
53-54 
55-61 
62-68 
69-90 

INERTl Parameter Record ( F i r s t  record  i n  deck) 

Mean ZUPT I n t e r v a l ,  u n i t s  of seconds ,  opt ional ,  default--220 seconds (integer, r igh t  j u s t i f i e d )  
Number of P o s i t i o n  N a m e s ,  r eq 'u i red ,  no d e f a u l t  ( i n t e g e r ,  r i g k t  j u s t i f i e d )  
Number of Traverse  Runs, r equ i r ed ,  no d e f a u l t  ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Semi-Major Axis, o p t i o n a l ,  d e f a u l t  6378137.000 (real ,  3 impl ied  dec imals )  
Square F i r s t  E c c e n t r i c i t y ,  o p t i o n a l ,  d e f a u l t  0.00669438002290341567 (real, 18 impl ied  dec ima l s )  
Longitude Code (Code: b lank--pos i t ive  east nonblank--posit ive west) 
Reserved 

I n i t i a l  P o s i t i o n  Record 

D 
Reserved 
P o s i t i o n  Name, r equ i r ed  
La t i tude  S ign ,  +I- ,  o p t i o n a l ,  d e f a u l t  + 
Degrees La t i tude ,  d e f a u l t  0 
Minutes La t i tude ,  d e f a u l t  0 
Seconds La t i tude ,  u n i t s  of 0.00001 seconds 
Longitude S ign ,  +I-, o p t i o n a l ,  d e f a u l t  + 
Degrees Longitude, d e f a u l t  0 
Minutes Longitude, d e f a u l t  0 
Seconds Longitude, u n i t s  of 0.00001 seconds  
E leva t ion ,  u n i t s  of millimeters, d e f a u l t  0 
Reserved 

(alphanumeric,  l e f t  j u s t i f i e d )  

( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  

( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r  , r i g h t  j u s t  i f  i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  

Comment: Each name m u s t  be unique. The t o t a l  number of t h e s e  c a r d s  MUST e x a c t l y  
match the  number on 06-10 i n  t h e  parameter  ca rd .  No name may appear  
i n  l a t e r  c a r d s  t h a t  is not in a n  I n i t i a l  P o s i t i o n  Card. 

Constrained P o s i t i o n  Record 

01-01 
02-06 
07-36 
37-37 
38-39 
40-4 1 
42-40 
49-49 
50-52 
53-54 

-55-61 

69-74 
75-80 
81-86 
87-90 

62-hn 

01-OL 
02-02 
03-06 
07-08 
09-20 
21-30 
31-90 

K 
Res e r ved 
P o s i t i o n  Name, r equ i r ed  (a lphanumer ic ,  l e f t  J u s t i f i e d )  
La t i tude  S ign ,  +I-, o p t i o n a l .  d e f a u l t  + 
Degrees La t i tude ,  d e f a u l t  0 ( i n t e g e r ,  r i g h t  J u s t i f i e d )  
Minutes La t i tude ,  d e f a u l t  0 ( i ne ege r , r i g h t  J u s t  i f i e d  ) 
Seconds Lat i tude .  u n i t s  of 0.00001 seconds ( i n t e g e r .  r l g h t  j u s t i f i e d )  - .  - - 
Longitude S ign ,  +I-, o p t i o n a l .  d e f a u l t  + 
Degrees Longitude. d e f a u l t  0 ( in t ege , r .  r i g h t  j u s t  
Minutes Longttitde, d e f a u l t  0. ( i n t e g e r ,  r i g h t  j u s t  
Seconds Longitude. u n t t s  of 0.00001 seconds ( i n t e g e r .  r i g h t  j u s t  
Elevattoir ,  u n i t s  of millimeters. d e f a u l t  0 ( i n t e g e r ,  r i g h t  J u s t  
La t i t ude  Standard Devia t ion ,  u n i t s  of millimeters, d e f a u l t  1 mm. 
Longitude Standard Devia t ion ,  u n i t s  of millimeters, d e f a u l t  1 mm. 
Eleva t ion  Standard Devia t ion ,  u n i t s  of millimeters, d e f a u l t  1 mm. 
Reserved 

Cons t ra ined  Model Parameter Record 
N 

f i e d )  
f i e d )  
f i e d )  
f l e d )  
( i n t e g e r  , r i g h t  j u s t  i f  i e d ?  
i<n t q e  r , r t g h  JUS ti f i e 4  
( i n t e g e r , r i g h t  j u s t i f i e d )  

Reserved 
Traverse  Run Number, r equ i r ed ,  >-I, ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Parameter Number, requi red ,  1-12 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Parameter Value,  d e f a u l t  0 (real ,  impl ied  dec imal  between 11 and 12)  
Parameter Standard Devia t ion ,  r equ i r ed  (real. implied decimal between 22 and 23) 
Reserved 
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Comment: The t r ave r se  run number i n  03-06 may no t  exceed t h e  number i n  
11-15 of t he  parameter record above. 

01-01 
02-02 
03-06 
07-36 
37-37 
38-39 
40-41 
42-48 
49-49 
50-52 
53-54 
55-61 
62-68 
69-70 
71-72 
73-74 
75-90 

I n e r t i a l  Observation Run Header Record 

I 
R 
Traverse Run Number, required,  >-I, 
Pos i t i on  Name, required 
Lat i tude Sign, +I-, op t iona l ,  d e f a u l t  + 
Degrees La t i tude ,  d e f a u l t  0 
Xinutes La t i tude ,  d e f a u l t  0 
Seconds Lat i tude,  u n i t s  of 0.00001 seconds 
Longitude Sign, +I-, optional ,  d e f a u l t  + 
Degrees Longitude, de fau l t  0 
Minutes Longitude, d e f a u l t  0 
Seconds Longitude, u n i t s  of 0.00001 seconds 
Elevat ion,  u n i t s  of millimeters, d e f a u l t  0 
Hour of Observation, d e f a u l t  0 
Minute of Observation, d e f a u l t  0 
Second of Observation, d e f a u l t  0 
Reserved 

( in t ege r ,  r i g h t  j u s t i f i e d ) .  
(alphanumeric, l e f t  j u s t i f i e d )  

( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  

( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  

Comment: The t r ave r se  run number i n  03-06 may not  exceed the  number i n  
11-15 of the parameter record above. 

I n e r t i a l  Observat'ion Mark Record 

01-01 
02-02 
03-06 
07-36 
37-37 
38-39 
4Q-41 
42-40 
49-49 
50-52 
53-54 
5 5-6 1 
62-68 
69-70 
71-72 
73-74 
75-79 

85-89 
90-90 

80-84 

01-01 
02-02 
03-36 
37-37 
38-39 
40-41 
42-48 
49-49 
50-52 
53-54 
5 5-6 1 

69-90 
62-68 

01-01 
02-06 
07-36 
37-66 
67-90 

I 

Reserved 
Pos i t i on  Name, required (alphanumeric, l e f t  j u s t i f i e d )  
Lat i tude Sign, +I-, op t iona l ,  d e f a u l t  + 
Degrees La t i tude ,  d e f a u l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Xinutes Lat i tude,  d e f a u l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Seconds Lat i tude,  un i t e  of 0,00001 seconds ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Longitude Sign, +/-, op t iona l ,  d e f a u l t  + 
Degrees Longitude, de fau l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Minutes Longitude, de fau l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Seconda Longitude, u n i t s  of 0.00001 seconds ( in t ege r .  r i g h t  j u s t i f i e d )  
Elevat ion,  u n i t s  of millimeters, d e f a u l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Hour df Observation, d e f a u l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Minute of Observation, de fau l t  0 ( in t ege r ,  r i g h t  j u s t i f i e d )  
Second of Observation, d e f a u l t  .O ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Lat i tude Difference Standard Deviat ion,  u n i t s  of millimeters, d e f a u l t  100 mm. 
Longitude Difference Standard Deviation, u n i t s  of millimeters, d e f a u l t  100 mm. 
Elevat ion Difference Standard Deviation, u n i t s  of millimeters, d e f a u l t  100 mm. 
Reserved 

n 

( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  
( i n t e g e r ,  r i g h t  j u s t i f i e d )  

I n e r t i a l  Observation Update Record 

I 
U 
Reserved 
La t i tude  Sign, + I - ,  op t iona l ,  d e f a u l t  + 
Degrees Lat i tude,  de fau l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Minutes Latitude,  de fau l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Seconds Lat i tude,  u n i t s  of 0.00001 seconds ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Longitude Sign, +/-, op t iona l ,  d e f a u l t  + 
Degrees Longitude, d e f a u l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Minutes Longitude. de fau l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Seconds Longitude, u n i t s  of 0.00001 seconds ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Elevation, u n i t s  of millimeters, d e f a u l t  0 ( i n t e g e r ,  r i g h t  j u s t i f i e d )  
Reserved 

Cumrncsnt: The names mus t  NOT be i d e n t i c a l .  

Length Relat ive Accuracy Computation Record 

Q 
Reserved 
Pos i t i on  Name, required (alphanumeric, l e f t  j u s t i f i e d )  
Pos i t i on  Name, required (alphanumeric, l e f t  j u s t i f i e d )  
Reserved 
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SAMPLE DATA SET 

123456789012345678901234567890123456789012345678901234567890123456789012345678901234~67890 

220 7 1 
D 
D 
D 
D 
D 
D 
D 
K 
K 
K 
N 
I R  
IM 
In 
In 
In 
.In 
In  
IU 
I M  
I M  
In 
In 
In 
IM 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q '  
Q 
Q 
Q 

JACK 
MONUMENT 14 
IPS 3 
OASIS 
VALLEY ASTRO 
B.M.G-48 
SALT 
JACK 
OASIS 
SALT 

110 0000000000 10000000 
lJACK 
MONUMENT 14 
IPS 3 
OASIS 
VALLEY ASTRO 
B .n.G-40 
SALT 

B.M.G-48 
VALLEY ASTRO 
OASIS 
IPS 3 
PiONUneNT 14 
JACK 
JACK 
JACK 
VALLEY ASTRO 
B. M. G-48 
JACK 
JACK 
MONUMENT 14 
MONUMENT 14 
MONUMENT 14  
IPS 3 
OASIS 
VALLEY ASTRO 
8.M.C-48 

+32523935510-1060710302801243044 
+33000845770-1060830054401258138 
+33015460550-1060856266901257820 
+33043583740-1060054167901265633 
+33062146590-1061610970901221461 
+33065438040-1061851284101219781 
+33071222320-1062147993001234945 
+32523935510-1060710302801243044 
+33043583740-1060854167901265633 
+33071222320-1062147993001234945 

+32523935500-1060710303001243044081959 
+33000846200-10608300~0001257950084009 
+33015461600-1060856219001257230084850 
+33043584100-1060854096001265026085702 
+33062152100-1061611052001220633091214 
+33065445400-1061851429001218026092110 
+3307123180O-10621482 10001233699092945 
+33071222400-1062147994001234945 
+33065434900-1061851227001219636094538 
+33062140600-1061610863001221319095338 
+33043570200-1060853909001265611100724 
+33015446600-1060856048001257710101600 
+33000831800-10608298~2001257606102400 
t32523920100-1060710165001242209104147 
MONLRIENT 14 
IPS 3 
SALT 
JACK 
B .M .C-48 
VALLEY ASTRO 
IPS 3 
VALLEY ASTRO 
B.M.G-48 
OASIS 
VALLEY ASTRO 
B . M .C-48 
SALT 

123456789012345678901234567890123456789012345670901234567890123456709012345678901234567890 

The i n e r t i a l  ob%%!@fb8"section of t h e  INERT1 d a t a  set may be thought of as a 
series of sub-sect ions,  one f o r  each t r a v e r s e  run, back to back. Each t r a v e r s e  
run must begin with an i n e r t i a l  run header  record,  followed by t h e  a p p r o p r i a t e  
number of i n e r t i a l  mark records.  I n e r t i a l  update r eco rds  appear where a p p r o p r i a t e ,  
and they appear a f t e r  t he  corresponding mark record f o r  a given po in t .  
i n e r t i a l  update record resets t h e  p o s i t i o n  f o r  t h e  po in t  a t  t he  p r i o r  i n e r t i a l  mark 
record.  The time of t h e  update event  is assumed t o  be t h e  time of t h a t  p r i o r  mark 
record.  A t r a v e r s e  run does NOT need t o  end wi th  an  i n e r t i a l  update  record,  
s i n c e  a subsequent t r a v e r s e  run w i l l  be i n i t i a l i z e d  by i t s  own run header record.  

The 

Although t h e  i n e r t i a l  obse rva t ion  format recorda p o s i t i o n s ,  t h e  INERT1 program e x t r a c t s  
p o s i t i o n  DIFFERENCES as obse rva t ions  between s e q u e n t i a l  po in t s .  
p o s i t i o n  s tandard d e v i a t i o n  a t  a p a r t i c u l a r  i n e r t i a l  obse rva t ion  mark record i s  
r e f e r i n g  to  t h e  p o s i t i o n  dd f fe rence  between t h a t  p o i n t  and t h e  run header ,  update ,  
or mark obse rva t ion  preceeding it .  It can be s e e n  t h a t  t h e  run header  record and 
t h e  update record are nothing more than  mechanisms to  reset t h e  most r e c e n t  p o s i t i o n  
from which a positon d i f f e r e n c e  is to  be computed. 
tells t h e  INERT1 adjustment program to i n i t i a l i z e  model parameters  f o r  a new t r a v e r s e  
run. 

The cons t r a ined  p o s i t i o n  record may c o n s t r a i n  l a t i t u d e  and/or  l ong i tude  and /o r  e l e v a t i o n  
t o  a known value.  
unknown w i l l  no t  be constrained.  
may be cons t r a ined  a t  a po in t .  

The re fo re  t h e  

Add i t iona l ly ,  t h e  run header  

I f  'any of t hese  f1,elds i s  completely blank,  t hen  t h a t  p a r t i c u l a r  
Thus, o n l y  e l e v a t i o n  or on ly  h o r i z o n t a l  c o o r d i n a t e s  
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APPENDIX B.--SAMPLE INERTl LISTING 

INERT - JANUARY 21, 1983 / 06:33:41 

PROCRAM I N E R T l  

A- 6378206.400 
E2- .006768657997291000 
LONGITUDES P O S I T I V E  EAST 

THE UNKNOWNS HAVE BEEN REORDERED, 
D 
D 
D 
D 
D 
D 
D 

3 K  
6 K  
9 K  

IR 
12 I M  
15 I M  
18 I M  
21 I M  
24 IM 
27 I M  

I U  
30 IM 
33 I M  
36 IM 
39 IM 
42 I M  
45 I M  

Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q' 
Q 
0 

JACK 
MONUMENT 14 
IPS 3 
O A S I S  
VALLEY ASTRO 

SALT 
JACK 
O A S I S  
SALT 

l J A C K  
MONUMENT 14 

B .M C-48 

I P S  3 
O A S I S  
VALLEY ASTRO 
B .M .C-48 
SALT 

B.M.C-48 
VALLEY ASTRO 
O A S I S  
I P S  3 
MONUMENT l b  
JACK 
JACK 
JACK 
VALLEY ASTRO 

JACK 
JACK 
MONUMENT 14 
MONUMENT 14 
MONUMENT 14 
I P S  3 ' 
O A S I S  
VALLEY ASTRO 
B . M .G-48 

0 m M - C-48 

USING THE BANKERS ALGORITHM 
THERE ARE 33 UNKNOWNS I N  COMPONENT 

NATIONAL GEODETIC SURVEY 
INERTIAL ADJUSTMENT PROGRAM 

+32523935510-1060710302801243044 
+33000845770-1060830054401258138 
+33015460550-1060856266901257820 
+33043583740-1060854167901265633 
+33062146590-1061610970901221461 
+33065438040-1061851284101219781 
+33071222320-1062147993001234945 
+32523935510-1060710302801243044 
t33043583740-1060854167901265633 
+33071222320-1062147993001234945 
t32523935500-1060710303001243044081959 
+33000846200-1060830020001257950084009 
+33015461600-106085621900125723~84850 
+33043584100-1060854096001265026085702 
+33062152100-1061611052001220633091214 
+33065445400-1061851429001218826092110 
+33071231800-1062148210001233699092945 
+33071222400-1062147994001234945 
+33065434900-1061851227001219636094538 
+33062140600-1061610863001221319095338 
+33043570200-1060853909001265611100724 
+33015446600-1060856048001257710101600 
+33000831800-1060829842001257606102400 
+32523920100-1060710165001242209104147 
MONUMENT 14 
I P S  3 
SALT 
JACK 
B .M .G-48 
VALLEY ASTRO 
IPS 3 
VALLEY ASTRO 
E. M . C-48 
O A S I S  
VALLEY ASTRO 
B . M  .G-48 
SALT 

1 
STARTING NODE I S  28 

.132 
323 
.111 

1.697 
2.267 
2 920 

-.967 
-1 .E45 
-4.171 
-4.297 
-4.304 
-4.747 

THE TOTAL NUMBER OF ELEMENTS I N  THE ORIGINAL MATRIX EXCLUDING THE ABSOLUTE COLUMN IS 561 
EXCLUDING THE ABSOLUTE COLUMN THE REORDERED MATRIX HAS 433 
THE ELEMENTS I N  THE ABSOLUTE COLUMN AND ANY ADDITIONAL VECTORS TOTAL 34 
AT ITERATION # 0 THE RMS CORRECTION I S  .003 METERS 
ADJUSTED POSITONS 

LATITUDE 

1 JACK 32 52 39.35510 
2 MONUMENT 14 33 0 8.45801 
3 I P S  3 33 1 54.60576 
4 OASIS  33 4 35.83740 
5 VALLEY ASTRO 33 6 21.46577 
6 ,  B.M.G-48 33 6 54.38031 
7 SALT 33 7 12.22320 

ADJUSTED PARAMETERS 

RUN= I 

LONGITUDE 

-106 7 10.30280 
-106 8 30.05442 
-106 8 56.26698 
-106 8 54.16790 
-106 16 10.97075 
-106 18 51.28430 
-106 21  47.99300 

HEIGHT 

1243.044 
1258.139 
1257.820 
1265.633 
1221 4 6 1  
1219.779 
1234.945 

.a93 
1.243 
1.865 

-2.103 
-3.757 
-5.626 

1.480 
2.798 
6.715 
5.681 
5.514 
3.582 

STD.DEV.(METERS) 

.001 ,001 .001 1.0+000 
-068 .068 ,068 5.5-001 
-059 .OS9 -059 9.9-001 
.001 .OOl .001 1.0+000 
.065 .065 .064 6.0-001 
.061 ,060 .OS9 9.7-001 
.OOL .OOl .001 1.0+000 

G O N E  

1 .o+ooo 1 .OM00 
5 - 5-001 7.5-001 
9.9-001 1.0+000 
1.0+000 1.0+000 
8.5-001 8.7-001 
6.9-001 7.2-001 
1.0+000 1.0+000 
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VALUE STD-DEV. VAL/SIC  C O N E  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

-5.33-006 
9.92-005 
1 .11-005 

-7.88-01 1 
3.94-004 
1.56-004 
8.43-006 
-9.75-011 
-1.08+002 
1.66+002 
3.50K)Ol 
-1.72+001 

5.7 7-006 
1.9 7-005 
4.44-006 
4.58-011 
5.4 1-006 
1.07-005 
2.04-006 
4.50-01 1 
5.48+001 
9.44+001 
9.45+000 
2.02+001 

ADJUSTED POSITION SHIFTS 

1 JACK 
2 MONUMENT 14 
3 I P S  3 
4 O A S I S  
5 VALLEY ASTRO 
6 B.M.C-48 
7 SALT 

RESIDUALS 

-.9 
5.0 
2.5 

-1.7 
72.9 
14.7 
4.1 
-2.2 
-2.0 
1.8 
3.7 
-.8 

1. oo+ooo 
8.66-001 
1.20-001 
4.17-001 
9.17-001 
3.71-001 
1.ooK)oo 
4.26-001 
2.81-001 
1.12-001 
7.26-001 
9.88-001 

LATITUDE LONGITUDE 
SEC METERS SEC METERS 

.ooooo 

.00031 

.00026 

.ooooo 
-.00013 
-.00009 . 00000 

COMPUTED OBSERVED 

1 LAT. 32 52 39.35510 32 52 39.35510 
2 LON. -106 7 10.30280 -106 7 10.30280 
3 HT. 1243.044 1243.044 
b LAT. 33 4 35.03760 33 4 35.03740 
5 LON. -106 8 54.16790 -106 8 54.16790 
6 IlT. 1265.633 1265.633 
7 LAT. 33 7 12.22320 33 7 12.22320 
8 LON. -106 21 47.99300 -106 21 47.99300 
9 HT. 1234.945 
10 1 DEL LAT. 0 7 29.10483 
1 1  1 DEL LON. 0 -1 19.71580 
12 1 DEL HT. 14.846 

1 4  1 DEL LON. 0 0-26.20709 
15 1 DEL HT. -.366 
16 1 DEL LAT. 0 2 41.22891 
17 1 DEL LON. 0 0 2.12576 
18 1 DEL HT. 7.784 
19 1 DEL LAT. 0 1 45.68091 
20 1 DEL LON. 0 -7 16.96019 
21 1 DEL HT. -44.434 
22 1 DEL LAT. 0 0 32.93459 
23 1 DEL LON. 0 -2 40.37283 
24 1 DEL HT. -1.764 
25 1 DEL LAT. 0 0 17.86633 
26 1 DEL LON. 0 -2 56.77708 
27 1 DEL HT. 15.084 
28 1 DEL U T .  0 0-17.87267 
29 1 DEL LON. 0 2 56.17092 
30 1 DEL HT. -15.098 
31 1 DEL LAT. 0 0-32.94141 
32 1 DEL LON. 0 2 40.36817 
33 1 DEL HT. 1.726 
34 1 DEL LAT. 0 -1 45.70309 
35 1 DEL L O N .  0 7 16.94981 
36 1 DEL HT. 44.251 
37 1 DEL LAT. 0 -2 41.23209 
38 1 DEL LON. 0 0 -2.13624 
39 1 DEL HT. -7.913 
40 1 DEL LAT. 0 -1 46.15347 
41 1 DEL LON. 0 0 26.19791 

. 13 1 DEL LAT. 0 1 46.14853 

. 000 .ooooo .ooo 

.009 -.00002 -.001 

.008 -.00008 -.002 . 000 .ooooo .ooo 
-.004 ,00015 ,004 
- .003 -.00020 -.005 

.ooo .ooooo .ooo 

VpC-0 V/SD 

.OOOOO ,000 .O JACK 

.OOOOO .OOO .O JACK 
.OOO .O JACK 

.OOOOO .OOO .O O A S I S  

.OOOOO .OOO .O O A S I S  
.OOo .O O A S I S  

.OOOOO .OOO .O SALT 

.OOOOO .OOo .O SALT 

SEC. METER 

1234.945 
0 7 29.P0700 -.00217 
0 -1 19.71700 .00120 

14.906 
0 1 46.15400 -.00547 
0 0-26.19900 -.00809 

-.720 
0 2 41.22500 .00391 
0 0 2.12300 .00276 

7.736 
0 I 45.68000 .00091 
0 -7 16.95600 -.00419 

-44.393 
0 0 32.93300 .00159 
0 -2 40.37700 -00411 

-1 -807 
0 0 17.86400 .00233 
0 -2 56.78100 -00392 

14.873 
0 0-17.87500 -00233 
0 2 56.76700 .00392 

0 0-32.94300 -00159 
0 2 40.36400 .00417 

1.683 
0 -1 45.70400 .00091 
0 7 16'.95400 -.00419 

44.292 
0 -2 41.23600 -00391 
0 0 -2.13900 -00276 

0 -1 46.14800 -.00547 
0 0 26.20600 -.00809 

-1 5.309 

-7.901 

~ ~~ 

.OOO .O SALT 
-.067 -.7 JACK 
-037 -4 JACK 

-.060 -.6 JACK 
-.169 -1.7 MONUMENT 14 
-.250 -2.5 MONUMENT 14 
.354 3.5 MONUMENT 14 
. 121  1.2 I P S  3 
.085 .9 IPS 3 

-.OL2 - . l  I P S  3 
-028 . 3  O A S I S  

-.I30 -1 .3  O A S I S  
-.041 -.4 O A S I S  
.049 .5 VALLEY ASTRO 
.129 1.3 VALLEY ASTRO 
.043 .4 VALLEY ASTRO 
-072 .7 8.M.C-48 
-121 1.2 B.M.C-48 
.211 2.1 B.M.C-48 
.072 .7 SALT 
,121 1.2 SALT 
.211 2.1 SALT 
.049 .5 B.M.C-48 
.129 1.3 B.M.G-48 
-043 .4 8.M.C-48 
.028 . 3  VALLEY ASTRO 

-.041 -.4 VALLEY ASTRO 
-.no -1.3 VALLEY ASTRO 

-121, 1.2 O A S I S  
.085 .9 O A S I S  

-.OLZ -.l O A S I S  
-.169 -1.7 IPS 3 
-.250 -2.5 IPS 3 

AZM. 
DEC 

0 
0 

- 1 4  
C 

137 
-117 

0 

HORIZ . 
METERS 

.ooo 

.009 

.008 . 000 

.006 

.006 

.ooo 

ELEV. 
METER 

.ooo 

.001 . 000 

.ooo 

.ooo 
-.002 

.ooo 

TOTAL 
METER 

.ooo 
,010 
,008 
.ooo 
-006 
-006 . 000 

MONUMENT 1 4  
MONUMENT 1 4  
MONUMENT 14  
I P S  3 
I P S  3 
I P S  3 
O A S I S  
O A S I S  
O A S I S  
VALLEY ASTRO 
VALLEY ASTHO 
VALLEY ASTRO 
B.M.C-48 
B.M.C-48 
B .M .G-48 
SALT 
SALT 
SALT 
8.M.C-48 
B .M .C-48 
B.M.C-48 
VALLEY ASTRO 
VALLEY ASTRO 
VALLEY ASTRO 
O A S I S  
O A S I S  
O A S I S  
I P S  3 
IPS 3 
IPS 3 
MONUMENT 14 
MONUUENT 14 
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42 1 DEL HT. -250 -.lo4 .354 3.5 IPS 3 
4 3  1 DEL LAT. 0 -7 29.11917 0 -7 29.11700 -.00217 -.067 -.7 MONUMENT 14 
4 4  1 DEL LON. 0 1 19.67820 0 1 19.67700 .00120. .037 -4 MONUMENT 14 
45 1 DEL HT. -15.457 -1 5.397 -.060 -.6 MONUJ4ENT 1 4  

RESIDUAL STATISTICS 

OBSERVATION NUHBERS OF 20 GREATEST QUASX-NORMALIZED RESIDUALS (V/SD) 
42 15 14 41 27 30  40 1 3  35 2p 32 23 26 29 37 

TOTAL- 45  NO-CHECK- 9 
MAX V= 3.5-001 MAX V/SD- 3.541 
HIN V- -6.0-002 MIN VfSD- -.060 

MEAN Vu 2.2-002 MEAN V/SD= .233 

N VTPV RUS MEAN ABS 
VTPV RESIDUAL 

DELTA LAT 12 11.2 m 96 a084 (METERS) 
DELTA LON 12 23.9 1.41 -125 (METERS) 
DELTA H 12 35.5 1.72 .120 (METERS) 

OTHER 9 .O .oo . 000 
TOTAL 45  70 .5  1.25 

LATI TUDE LONGITUDE 
RUN N VTPV RMS MEAN N VTPV RMS 

VTPV V VTPV 
1 12 11.2 .96 .084 12 23 .9  1 . 4 1  

MEAN N 

.125 12 
V 

ELLIPSOIDAL LENGTH RELATIVE ACCURACIES (USING A-PRIORI WEIGHTS) 

JACK 

JACK 

VALLEY ASTRO 

B . M . C-48 
JACK 

JACK 

MONUMENT 14 

UONUHENT 14 

MONUMENT 14 

IPS 3 

OASIS 

VALLEY ASTRO 

R . M . C-48 

HEIGHT 

MONUMENT 14 S= 13989. SICMA= .068 
LENGTH SHIFTS -009 

IPS 3 Sa 17325. SIGMA= -059 
LENGTH SHIFT- .008 

SALT S= 8877 .  SIGMA= .055 
LENGTH SHIFT= .004 

JACK S- 32015.  SIGMA- .057 
LENGTH SHIFT= . O O l  

B . M .G-4 8 S= 32015.  SIGMA= .057 
LENGTH SHIFT= ,001 

VALLEY ASTRO S= 28956.  SICMA= .062 
LENGTH SHIFT=-.005 

IPS 3 S= 3340. SIGMA= .062 
LENGTH SHIFT=-.001 

VALLEY ASTRO S- 16584. SIGMA- .084 
LENGTH SHIfT--.013 

B.M.C-48 S= 20399.  SIGMA= .OB0 

O A S I S  S= 4967.  SIGMA= .059 
LENGTH SHIFT=-.008 

VALLEY ASTRO S= 11786.  SICMA= ,055 
LENGTH SHIFT=-.005 

B.M .G-48 S= 4278 .  SIGMA= .051 
LENGTH SHIFT= .009 

SALT S= 4614.  SIGMA= .051 
LENGTH SHIFT=-.005 

LENGTH SHIFT=-.004 

VTPV RMS MEAN 

35.5 1 .72  .120 
VTPV v 

LENC.REL.ACCURACY=l: 
LENG.REL.ACCURACYa1: 

LENG.REL.ACCURACYP1: 
LENG.REL.ACCURACY=l: 

LENG.REL.ACCURACY=l: 
LENG.REL.ACCURACY=l: 

LENG.REL.ACCURACY=l: 

MONUMENT 14 
JACK 
JACK 
JACK 

16 38  17 28 25 

OTHER 
N VTPV BMS MEAN 

0 .o .oo .ooo 
VTPV v 

2070201 1035101 69006 
1482864 

2936591 1468291 97886 
2135917 

1625641 812821 54188 
1988700 

5572001 2786001 la5733 
LENG.REL.ACCURACY=1:41704123 

LENC.REL.ACCURACY=l: 5572001 
LENG.REL.ACCURACY=1:41704123 

LENG.REL.ACCURACY=l: 4633781 
LENG.REL.ACCURACY=l: 5319079 

LENG.REL.ACCURACY=l: 540331 
LENC.REL.ACCURACY=l: 2709366 

LENG.REL.ACCURACY-1: 1965381 
LENG.REL.ACCURACY=l: 1323191 

LENG.REL.ACCURACY=l: 25381 11 
LENC.REL.ACCURACY=L: 5424531 

LENG.REL.ACCURACY=l: 838921 
LENG.REL.ACCURACY=l: 631463 

LENG.REL.ACCURACP1: 2138271 
LENG.REL.ACCURACYI1: 2463654 

LENG.REL.ACCURACY=l: 843311 
LENG.REL.ACCURACY=l: 472373 

LENC.REL.ACCURACY=L: 911131 
LENG. REL.ACCURACY=l : 958686 

2786001 

2 3 16891 

270161 

982591 

1269051 

4 19461 

1069131 

421651 

455561 

185733 

154459 

18011 

65512 

84603 

27964 

71275 

281 10 

3037 I 

DECREES OF FREEDOM = 12 
VARIANCE SUM = 7 0 . 5  
STD.DEV.OF UNIT WEIGHT = 2.42 
VARIANCE OF UNIT WEIGIIT = 5.88 
END OF PHOCESSISC 
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APPENDIX C .  INERT1 LISTING 

1. 
2. 
3 .  
4. 
5.  
6 .  
7 .  
8. 
9. 

1 0 .  
11. 
12. 
1 3 .  
1 4 .  
1 5 .  
1 6 .  
17 .  
18. 
1 9 .  
20.  
21. 
22. 
23 .  
24 .  
25 .  
26 .  
27 .  
28 .  
2 9 .  
30 .  
3 1 .  
32. 
33 .  
3 4 .  
35 .  
36. 
3 7 .  
38 .  
39 .  
4 0 .  
41.  
42 .  
43 .  
44. 
45. 
46 .  
4 7 .  
48 .  
49 .  
50 .  
51. 
52. 
53 .  
54 .  
55 .  
5 6 .  
57 .  
58 .  
59 .  
60 .  
6 1 .  
6 2 .  
63 .  
64.  
65 .  
6 6 .  
6 7 .  
68 .  
69 .  
70 .  

C 

C 
c nnn 
C 

C 
c wxw 
C 

C 
c nnn 
C 

C 
c *** 
C 

C 
c *n* 
C 

2 
C 
c n n n  
C 

C 
c w n n  
C 

C 
c nnn 
C 

3 

C c nn* 
C 

IMPLICIT R E A L M ( A - H ,  0-2) 
L O G I C A L  LONFLG 
DIMENSION Ildc 150 0 0 1 ,  AR( 7 500  1 
E Q U I V A L E N C E ( A R ( l ) , I W ( l ) )  

~COr lMOt{ /CONST/P I ,P I2 ,RAD,  LONFLG,ZERO 
COMMON/EL L I P / A  t E2 
C O M M O N / P A R M S / Z U P T , N S T A t N R U N ~ N U N K ~ I T A B ~ N O B S  

ISPACE=15000 

DEFINE CONSTANTS AND DEFAULT ELL IPSOID 

AZ6378137.00  
E2=6.69438002290341567D-3 
PI2=2.DO*DATAN( l .D0)  
P I=Z .DO*PIZ  
RAD=180 . /P I  
t E R O = O .  DO 

DEFINE SCRATCH F I L E S  

I U 0 = 3  
I U 0 2 = 4  
IUH=7  
I U S = 8  
CALL START(IDUMMY,IDUMMY) 

GET PARAMETER CARD (F IRST RECORD) 

CALL GETPRM 

ALLOCATE STORAGE 

NSTAS=3xNSTA 
NU NK ti S T A S  t 12n HRU N 
NS T A T S = 12 * HRUN 
N 1 =HUNK + NS T AS 
N2=N 1 +NUNK 
N 3=N 2 + N ST A T S 
I3=N3+N3 

I N I T I A L I Z E  PARAMETERS AND SHIFTS 

DO 2 I = l r N 1  
AR(I)=O.DO 

I N I T I A L I Z E  NAME TABLE 

ITAB=NEWT(O,NSTA,0,8~103~ 

PERFORM ADJUSTMENT 

CALL I N E R T 1 ~ A R ~ 1 ~ ~ A R ~ N U N K + l ) r A R ~ N l + l ) r A R ~ N 2 + 1 ~ ~ I W ~ I 3 + l ~ ~ I S P A C E ~ I 3 ~  
n IUO,IUOB,IUH,IUS) 

END OF ADJUSTMENT 

WRITE(6P3)  
FORMATC'OEND OF PROCESSING') 
STOP 
EIID 
SUBROUTINE GETPRM 

GET PARAMETER CARD AND CHECK DEFAULT VALUES 

I M P L I C I T  REALX8(A-H,O-Z) 
CHARACTERnl CODE 
LOGICAL LONFLG 
C O M M O N / C O N S T / P I , P I 2 t R A D t  LONFLGPZERO 
C O M M O N / P A R M S / Z U P T ~ N S T A t N R U N t N U N K ~ I T A B ~ N O B S  
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71 .  
7 2 .  
73 .  
74 .  
75 .  
76 .  
7 7 .  
78 .  
79 .  
8 0 .  
81. 
8 2 .  
8 3 .  
8 4 .  
85. 
8 6 .  
8 7 .  
88. 
8 9 .  
90 .  
91. 
92. 
93. 
94 .  
95. 
96. 
97. 
93. 
99. 

1 0 0 .  
1 0 1 .  
1 0 2 .  
1 0 3 .  
1 0 4 .  
1 0 5 .  
1 0 6 .  
1 0 7 .  
1 0 8 .  
1 0 9 .  
1 1 0 .  
111 I 
1 1 2 .  
113. 
1 1 4 .  
115. 
1 1 6 .  
1 1 7 .  
118. 
1 1 9 .  
1 2 0 .  
1 2 1 .  
1 2 2 .  
1 2 3 .  
1 2 4 .  
1 2 5 .  
1 2 6 .  
1 2 7 .  
1 2 8 .  
1 2 9 .  
1 3 0 .  
1 3 1 .  
1 3 2 .  
1 3 3 .  
1 3 4 .  
1 3 5 .  
1 3 6 .  
1 3 7 .  
1 3 8 .  
1 3 9 .  
1 4 0 .  
1 4 1 .  
1 4 2 .  
1 4 3 .  
1 4 4 .  

C c * # #  
c w w w  
C 

C 

C 
6 6 6  

4 
C 

C c # # #  
C 

C c 36nn 
C 

1 0  

COMMON/ELLIP/A, E2 

READ( l l , l ,END=666)  ZUPTpNSTA,NRUN,AXpEX,CODE 
F O R M A T ( F 5 ~ 0 ~ 2 I 5 r F 1 0 . 3 , F 1 8 ~ l 8 ~ A l ~  - 
IF(ZUPT.LE.O.DO1 ZUPT=220.DO 

IF (NSTA.LE .0 )  THEN 
WRITE(6p2)  NSTA 
FORMAT('0NSTA ILLEGAL VALUE-- 'p IS I  
CALL FERR 

ENDIF . 

I F ( NR UN , L E. 0 1 T li EN 
W R I T E ( 6 r 3 )  NRUN 
FORMAT('0NRUN ILLEGAL VALUE--* , I51  
CALL FERR 

END1 F 

IF(AX.GT.O.DO1 A=AX 

IF(EX.GT.O.DO1 E2:EX 

FLAG BLANK--POSITIVE EAST 

IF(CODE.EQ.' ' 1  THEN 

ELSE 

ENDIF 

NOHBLANK--POSITIVE WEST (U.S. 1 

LONFLG=.TRUE. 

LONFLG= . FALSE. 

RETURN 

WRITE(6p4)  
FORMAT('0110 INPUT DATA')  
CALL FERR 

SUBROUTINE I N E R T 1 ~ A ~ S H I F T S ~ G O O G E ~ S T A T S ~ I W ~ I S P A C E ~ I U O ~ I U O 2 ~ I U H ~ I U S ~  
ADJUST INERTIAL  DATA 

I M P L I C I T  REALx8(A-HfO-Z)  
LOGICAL CONVRGp LONFLG 
DII!lENSIOf~ A ( 1 ) ~ I W ( 1 ) p S t l I F T S ( l 1 , G O O G E ( l l ~ S T A T S ( l 1  
COMMON/CONST/P I ,P I2 ,RAD,  LONFLGpZERO 
COflrlON/PARIlS/ZUPTpNSTApNRUN,NUNKr ITAB,  HOBS 
COIlMON/ELLIP/AXp E2 

HEADING 

WRITE(6 , lO)  AXpE2 
~ FORMAT('1',53Xp1NATIONAL GEODETIC SURVEY'/' PROGRAN I N E R T l ' ,  * T53 , ' INERTIAL  ADJUSTMENT PR06RAM1,T124,'PAGE 1'11 * l O X p ' A = ' , F l 2 . 3 / 9 X , ' E 2 = ' , F 2 0 . 1 8 )  

C 
IFCLONFLG) THEN 

CIR I T E ( 6 n 1 1 1 
11 FORIIAT(9X,'LONGITUDES P O S I T I V E  EAST' / / )  

12 FORHAT(YX,'LONGITUDES P O S I T I V E  WEST'//) 

ELSE 

ENDIF 

WRITE(6p12)  

F 

* # *  READ DATA AND FORM OBS EQS AND CONNECTION MATRIX 
c n*w REORDER FOR FIINIPIUM PROFILE 
C 

CALL F I R S T ( I U O p I U S , I U H , A , I W I I S P A C E )  
TOL=.OlDO 
STOLZI .  D-9 
ITERZO 
MAXI  TR=5 
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1 4 5 .  
1 4 6 .  
1 4 7 .  
1 4 8 .  
1 4 9 .  
1 5 0 .  
151. 
152. 
153. 
154 .  
155.  
1 5 6 .  
157. 
158. 
1 5 9 .  
1 6 0 .  
1 6 1 .  
1 6 2 .  
1 6 3 .  
1 6 4 .  
1 6 5 .  
,166.  
1 6 7 .  
1 6 8 .  
1 6 9 .  
1 7 0 .  
1 7 1 .  
1 7 2 .  
1 7 3 .  
1 7 4 .  
1 7 5 .  
1 7 6 .  
1 7 7 .  
1 7 8 .  
1 7 9 .  
1 8 0 .  
181. 
182. 
183.  
1 8 4 .  
185. 
1 8 6 .  
1 8 7 .  
188. 
1 8 9 .  
1 9 0 .  
1 9 1 .  
1 9 2 .  
1 9 3 .  
1 9 4 .  
1 9 5 .  
1 9 6 .  
1 9 7 .  . 
1 9 8 .  
1 9 9 .  
2 0 0 .  
2 0 1 .  
2 0 2 .  
2 0 3 .  
2 0 4 .  
2 0 5 .  
2 0 6 .  
2 0 7 .  
2 0 8 .  
2 0 9 .  
2 1 0 .  
211. 
212. 
2 1 3 .  
2 1 4 .  
215. 
2 1 6 .  
2 1 7 .  
218. 
2 1 9 .  

C 
C * % %  FORM NORMALS AND SOLVE 
C 

C 
C SC)o( UPDATE UNKNOWNS AND TEST CONVERGENCE 
C 

1 0 0  C A L L  N O R P l A L ( I U O ~ I W ~ I S P A C E ~ G O O G E ~ 1 T E R ~ S T O L )  

IF(CONVRG(A,SHIFTS,TOL~ITER)) THEN 
C A L L  FINAL(IUOIA,SHIFTS,GOOGE~STAT~,~TOL) 

E L S E  
IF(ITER.GE.MAXITR) THEN 

W R I T E ( 6 , l )  

RETURN 

I T E R = I T E R + l  
GD TO 1 0 0  

1 FORMAT( '0SLOWLY CONVERGING SOLUTION') 
E L S E  

CALL  FORMOB( IUO, IU02 ,A)  

E N D I F  
E N D I F  

RETURN 
C 

END 
SUEROUTINE F I R S T ( I U O , I U S , I U H , A , I W , I S P A C E )  

C 
C X X X  READ DATA AND W R I T E  F I R S T  OBSERVATION EQUATIONS 
C 

I M P L I C I T  R E A L * 8  (A-H,O-Z) 
D I H E H S I O N  A ( l I . I W ( 1 )  
INTEGER S I Z E  
L O G I C A L  GETCRD 
CHAFACTERn90 CARD 
C H A R A C T E R S ~  c c i  ~ 

NOBS=O 

COI1llON/PARMS/ZUPTsNSTA~NRUN~NUNK,ITAB~NOBS 
C 

C 
C wnn I N I T I A L 3 Z E  CONNECTION M A T R I X  
C 

C 
C # % *  READ THE DATA 
C 

CALL  NABGEN(IW,ISPACE,NUNK,IUSpIUH) 

1 0 0  I F ( G E T C R D ( C A R D , C C l ) )  THEN 
I F ( C C l . E Q . ' D ' )  THEN 

CALL  I N I T P ( C A R D . A )  
E L S E I F ( C C 1 .  EQ. ' K '  j THEN 

E L S E I F ( C C l . E Q . ' I ' )  THEN 
CALL  F IXEDP(CARD, IUO,A)  

C A L L  I t IERTL(CARD, IUO,A)  
E L S E I F ( C C 1 .  EQ. ' N '  1 THEN 

E L S E  
C A L L  F IXPRM(CARD, IUO,A)  

CALL  ADDACC(CARD1 
E N D I F  
GO TO 1 0 0  

E N D I  F 
6 

Z w w w  ALL OBSERVATIONS WRITTEN, VERIFY CORRECT t~ OF STATIONS 
C 

I F ( S I Z E ( I T A B 1  .NE.NSTA) THEN 
G I R I T E ( 6 t 1 )  S I Z E ( I T A B ) , t i S T A  

1 FORMAT( '  OTABLE S I Z E = ' r I 5 , '  NOT EQUAL TO S T A T I O M S = ' r I S )  
C A L L  FERR 

E N D I  F 
C 
C W X *  REORDER THE UNKNOWNS (SNAY)  
C 

I R E O R D z 3  
CALL  NEWORD(IRE0RD) 

C 
RETURN 
END 
L O G I C A L  FUNCTION GETCRD(CARD,CCl)  

C 
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220.  
221.  
222. 
223 .  
224.  
225.  
226.  
227.  
228.  
229 .  
230'. 
231.  
232.  
233.  
234.  
235 .  
236.  
237.  

239. 
240. 
241. 
242.  
243. 
244.  
245 .  
2 4 6 .  
247. 
2 4 8 .  
249 .  
250. 
251 .  
252.  
253 .  
254 .  
255 .  
256 .  
257.  
258. 
259.  
260 .  
261 .  
262 .  
263 .  
264 .  
265 .  
266.  
267 .  
268.  
269.  
270.  
271.  
272 .  
273 .  
274 .  
275. 
276 .  
277.  
278 .  
279 .  
280 .  
281.  
232 .  
233 .  
284.  
285 .  
286 .  
287 .  
288 .  
289 .  
290.  
291 .  
292 .  
293.  

238.  

c *** 
C 

C 

1 0 0  
1 

C 

C 

C 
c **N 
C 

666  
C 

C 
c *** 
C 

C 
c *** 
C 

1 

C 
c ***  
C 

2 

C 
c ***  
C 

C 
c n** 
C 

. 3  

C c **n 
C 

4 
C 

C 
c *** 

GET A CARD WITH CC1 OF D,K,I,N,Q 

CHARACTER*90 CARD 
CHARACTERN1 C C 1  

GETCRD=.TRUE. 

FORPlAT(A90 1 
READ(l l , l ,END=666)  CARD 

CCl=SUBSTR(CARD,l, l)  

I F , ~ C C 1 . E Q . ' I ' . O R . C C 1 . E Q . ' D ' . O R . C C 1 . E Q . ' K ' . O R . C C l . E Q . ' N ' .  

GO TO 100  

END OF F I L E  

GETCRDZ. FALSE. 

* OR.CCl.EQ.'Q') RETURN 

RETURN 
END 
SUBROUTINE I t . I ITP(  CARD, A 1 

PROCESS AN I N I T I A L  POSITION 

DIMEHSION A (  11 
INTEGER SEEK,SIZE 
CHARACTER*90 CARD 

IMP L I C I T  REAL * 8  ( A-H ,O-Z) 

CHARACTERw32 NAME 
COI1MON/PARMS/ZUPT,NSTA~NRUN,NVNK,ITAB,NOBS 

I F  NAME I S  DUPLICATE--BOflBl l  

ISTA=SEEK(ITAB,NAPlE) 
I F ( I S T A . L E . S I Z E ( I T A B ) )  THEN 

NAflE=SUBSTR(CARD,7,30) 

WRITE(6 , l )  C A R D P I S T A  
FORMAT(lXpA90,' ** DUPLICATE NAflE' , I5)  
CALL FERR 

ENDIF 

I F  NAMES OVERFLOW TABLE--BOMB] 

IF( ISTA.GT.NSTA1 THEN 
WRITE(6,2) CARDPNSTA 
FORrlAT(lXpA90,'  EXCEEDS MAX S I Z E  O F ' t I 5 )  
CALL FERR 

ENDIF 

LOAD NAME I N T O  TABLE 

CALL PUTVAL(ITAB,DUMflY) 

EXTRACT I N I T I A L  VALUES FROM CARD 

DECODE(3,CAgD) 11,MlrS1,12,M2,S2,H 

CALL GETRAD(I l ,Ml,Sl .GLAT) 
FOErlAT(36X,13,12,F7.5, I4 ,12,F7.5,F7.3)  

CALL GETRADCI2,r;2;S2,GLON) 
A( IUNSTA(ISTA, l ) )=GLAT 
A(IUNSTA(ISTA,2))=GLON 
A (  IUtISTA( ISTA,  3 )  )=H 

L I S T  THE INPUT 

blRITE(6,4) CARD 
FO RNA T ( 7 X , A 9 0 '1 

RETURN 
END 
SUBROUTINE GETRADC ID,If l ,S,VAL) 

CONVERT DEGt MIN, SEC TO RADIANS 
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2 9 4 .  
2 9 5 .  
296 .  
2 9 7 .  
2 9 8 .  
2 9 9 .  
3 0 0 .  
3 0 1 .  
3 0 2 .  
303. 
304 .  
3 0 5 .  
3 0 6 .  
307 .  
3 0 8 .  
3 0 9 .  
310 .  
3 1 1 .  
312 .  
3 1 3 .  
314 .  
315 .  
316 .  
3 1 7 .  
318 .  
3 1 9 .  
320.. 
321 .  
322 .  
323 .  
3 2 4 .  
325 .  
3 2 6 .  
327. 
3 2 8 .  
3 2 9 .  
3 3 0 .  
331 .  
3 3 2 .  
333 .  
334 .  
335 .  
336 .  
3 3 7 .  
338 .  
3 3 9 .  
340 .  
341 .  
342 .  
343 .  
344 .  
345 .  
346 .  
347 .  
3 4 8 .  
3 4 9 .  
350.  
351 .  
3 5 2 .  
353 .  
3 5 4 .  

. 355 .  
' 356 .  

3 5 7 .  
3 5 8 .  
359 .  
3 6 0 .  
3 6 1 .  
362 .  
363 .  
3 6 4 .  
365 .  
366 .  
367 .  
368 .  

C 
IPlP L I C 1  T 

C O M M O N ~ C O N S T ~ P I ~ P I 2 ~ R A D , L O N F L G ~ Z E R O  
REAL *8 ( A-H 8 0-2 1 

LOGICAL LONFLG 

C 
VAL=DFLOAT( IABS( ID) )  
VAL=VAL+DFLOAT(IABS(IM~l/6O.DO 
VAL=VAL+DABS(SV3600 .0  
VALZVALIRAD 
IF(ID.NE.0) THEN 

VAL=DSIGN(VAL,DFLOAT(ID)) 
ELSEIF( IM. NE. o 1-  THEN 

VAL=DSIGN(VAL~DFLOAT(IMI) 
VAL=DSIGN(VAL,S) 

ELSE 

END1 F 

RETURN 
END I 

C 

INTEGER FUNCTION I U N S T A ( I S T A , I )  
C 
C ss* DETERMINE UNKNOWN NUMBER OF STATION COORDINATE 
C 

C 
C sHH STATIONS STORED THREEWISE--LAT,LON,H 
C 

I M P L I C I T  REALx8(A-H,O-Z) 
C O M M O N ~ P A R M S ~ Z U P T , N S T A ~ N R U N , N U N K , I T A B I N O B S  

I F ~ I S T A . L E . O . O R . I S T A . G T . N S T A . O R . I . L E . O . O R . I . G T . 3 ~  THEN 
W R I T E ( 6 , l )  ISTASIPNSTA 

1 FORMAT('O1LLEGAL VALUES I N  IUNSTA' ,315)  
CALL FERR 

El C F  

c i iui  r 

RETURN 
C 

END 
INTEGER FUNCTION IUNPRM( IRUNpI1  

m 

E % * %  DETERMINE UNKNOWN NUMBER OF PARAMETERS 
C 

I M P L I C I T  REAL%8(A-H,O-Z) 
C O M l r l O N / P A R I l S / Z U P T ~ N S T A ~ N R U N ~ N U N K , I T A B ~ N O B S  

C 
C * x s  STATIONS STORED THREEWISE THEN BY RUN PARAMETERS STORED TWELVEWISE 
6 c 

IF~IRUN.LE.O.OR.IRUN.GT.NRUN.OR.I.LE.O.OR.I.GT.12~ THEN 
WRITE(611)  IRUN,I,NRUN 

1 FORMAT('O1LLEGAL VALUES I N  IUt lPRM',315) 
CALL FERR 

ELSE 

ENDIF  
IUNPRN=3~NSTA+(IRUN-l)xl2+1 

P 
b 

RETURN 
EtlD 

' SUBROUTINE I ~ H V I U N ( I U N K ~ I C O D E , I , J )  
C 
C *** GIVEN AN UHKNOWN INDEX fiUMBER, GET STATION/RUN NUMBER 
m 
b 

I M P L I C I T  REALx8(A-HIO-Z)  
C O ~ l M O N / P A R l l S / Z U P T ~ N S T A ~ N R U N ~ N U N K ~ I T A B ~ N O B S  

m c 
C s%* INDEX I S  A STATION INDEX 
C - 

NSTAS=3WNSTA 
IF(IUNK.GT.O.AND.1UNK.LE.NSTAS) THEN 

ICODEZO _ _ _ _ _  
I=( I U N K - 1 ) / 3  
J = I U N K - I * 3  
1.=1+1 

C 
C % % *  INDEX I S  A RUN INDEX 
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3 6 9 .  
3 7 0 .  
3 7 1 .  
3 7 2 .  
3 7 3 .  
3 7 4 .  
3 7 5 .  
3 7 6 .  
3 7 7 .  
3 7 8 .  
3 7 9 .  
380.  
381. 
382. 
3 8 3 .  
3 8 4 .  
3 8 5 .  
386. 
3 8 7 .  
3 8 8 .  
359. 
3 9 0 .  
3 9 1 .  
3 9 2 .  
3 9 3 .  
3 9 4 .  
3 9 5 .  
3 9 6 .  
397.  
3 9 8 .  
399 .  
4 0 0 .  
4 0 1 .  
402. 
4 0 3 .  
404. 
4 0 5 .  
4 0 6 .  
4 0 7 .  
4 0 8 .  
4 0 9 .  
4 1 0 .  
4 1 1 .  
4 1 2 .  
4 1 3 .  
4 1 4 .  
4 1 5 .  

, 4 1 6 .  
4 1 7 .  
418. 
4 1 9 .  
4 2 0 .  
421.  
4 2 2 .  
4 2 3 .  
424. 
4 2 5 .  
4 2 6 .  
4 2 7 .  
4 2 8 .  
4 2 9 .  
4 3 0 .  
4 3 1 .  
4 3 2 .  
4 3 3 .  
4 3 4 .  
4 3 5 .  
4 3 6 .  
437 .  
4 3 8 .  
4 3 9 .  
4 4 0 .  
441. 
442. 

C c n w n  
C 

1 

C 

C c n n x  
C 

C c nns 
C 

C 
c nnn 
c .  

C 
c n n x  
C 

1 

C 
c n x n  
C 

2 

C 
c n n n  
C 

ELSEIF(IUNK.GT.NSTAS.AND.1UNK.LE.NUNK) THEN 
I C O D E Z 1  
K I UNK - 11 5 T A S 
I = ( K - 1 ) / 1 2  
K=K.- I % 12 
I= I+1 

I L L E G A L  I N P U T  

ELSE 
W R I T E ( 6 , l )  I U N K  
FORNAT( 'O1LLEGAL VALUE I N  I N V I U N ' , I 5 )  * 

C A L L  FERR 
E N D I F  
RETURN 
END 
SUBROUTINE FIXEDPNARD, IUO,A) 

CONSTRAIN A P O S I T I O N  

I M P L I C I T  REALS8(A-H,O-Z) 
CHARACTERw90 CARD 
C H A R A C T ER 3( 3 2 tl A F1 E 
CHARACTERS13 ALON . 
CHARACTERS12 ALAT 
CHAkACTERN7 AH 

I N T E G E R  SEEK, SIZE 
CHARACTERx6 A S L A T t A S L O N t A S H  

L O G I C A L  LONFLG 
DIMEIISIOH IUNK(10) ,C(lO) ,A(1) 
C O ~ l I l O N / C O t ~ S T / P  I s P 12, R A D  s L 014 FL G ZERO 
COMilOWPARMS/ZUPT, NSTA, NRUN, NUNK, I T A B ,  NOBS 

D E F I N E  DEFAULT STANDARD ERROR AND A RADIUS OF CURVATURE 

SIGDEF=.OOlDO 
R = R A D I U S ( 4 5 . D O , P I 2 )  

EXTRACT THE F I E L D S  

NdME=SUI!STR(CARD,7,30) 
ALAT=SUUSTR(CARD,37,12)  
A L 0 14 = S  U 3 S T R ( CAE D ,4 9,13 I 

ASLAT=SUBSTR(CARD,69,6 1 

ASH=SUGSTR(CARD,81,6) 

CHECK FOR NA l lE  

AM=SUBSTR(CARD, 6 2 , 7  I 

ASLON=SUUSTR(CARD,75.6) 

I S T A = S E E K (  I T A B ,  NAME) 
I F ( I S T A . G T . S I Z E ( I T A B ) )  THEH 

W R I T E ( 6 , l )  CARD 
FORMAT( lX ,A90 ,  ' E X  UtIKNOL*!N NAPIE') 
CALL FERR 

E I I D I F  

WRIT E C O H  S T R A I N T 0 US ERV A T I O N  EQ U A T IO IiS 

I F ( A L A T . N E . '  ' I  THEN 
K I ND= 1 3 

FORHAT( 1 3 , 1 2 ,  F 7 . 5 1  
DECODE(ZpALAT1 I l , N l , S l  

CALL G E T R A D ( I l , t 1 1 , S l , O a S B )  
CALL F O R r l I U ( K I I I D , I S T A ,  l , IRUN,IUII: ; ,LE!IG) 
C A L L FOEPIC ( K I t4 D , C , I Ut4 K , A r DUXTIS' t EUl ;:;Y 1 
CALL COilPOU(KIND,OGSO, IUIIK,A,DUI;:lY, UUiYlY) 

SAVE RADIUS OF CURVATURE I N  R FOR LONGITUDE CONSTRAINTS 

R=RADIUS(OBSB,ZEROI 
I F ( A S L A T . E Q .  ' 1  THEN 

SD=SIGDEF/R 



4 4 3 .  
444. 
4 4 5 .  
4 4 6 .  
4 4 7 .  
4 4 8 .  
449. 
450.  
4 5 1 .  
4 5 2 .  
4 5 3 .  
4 5 4 .  
4 5 5  * 
4 5 6 .  
4 5 7 .  
458 .  
459.  
4 6 0 .  
4 6 1 .  
4 6 2 .  
4 6 3 .  
4 6 4 .  
4 6 5 .  
4 6 6 .  
4 6 7 .  
4 6 8 .  
4 6 3 .  
4 7 0 .  
4 7 1 .  
4 7 2 .  
4 7 3 .  
4 7 4 .  
4 7 5  * 
4 7 6 .  
4 7 7 .  
4 7 8 .  
4 7 9 .  
4 3 0 .  

482. 

4 8 4 .  
4 8 5 .  
4 8 6 .  
4 8 7 .  

4 2 9 .  
4 9 0 .  
4 9 1 .  
492. 
4 9 3 .  
4 9 4 .  
4 9 5 .  
4 9 6 .  
4 9 7 .  

4 9 9 .  
5 0 0 .  
5 0 1 .  
5 0 2 .  
5 0 3 .  
5 0 4 .  
5 0 5 .  
5 0 6 .  
5 0 7 .  
5 0 8 .  
5 0 9 .  
5 1 0 .  
5 1 1 .  
5 1 2 .  
5 1 3 .  
5 1 4 .  
5 1 5 .  
5 1 6 .  
5 1 7 .  
5 1 8 .  

4 8 1 .  

4 8 3 .  

4 8 8 .  

4 9 8 .  

E L S E  
DECODE(3,ASLAT) SD 

S D = D A B S ( S D ) I R  
3 FORllAT ( F 6 . 3  1 

E N D I  F 

NODS=NOBS+l  

CALL  ADCON(IUNK, LENG) 
W R I T E (  I U O  1 K I  I ID, I U H K  , C, OBSO, OBSB, SD, DUllPlY p DUI'lMY, LENG 

E N D I F  

I F ( A L O N . N E . '  ' 1  THEN 
K I l l D = l 4  
DECODE(4,  ALOIO I2,M2, S 2  
FOP.MAT( 14, I2 t F 7 . 5 )  
CALL GETRADC 12,M2,S2, OBSB 1 
C A L L  
C A L L  FOEl IC(KI t {D,  C t  I U I 4 K I  A DUI:iIY, DUI.I?lY) 
CALL CCI lBOB(K IND,  OBSO, IUNK, A, BUMMY, DUPKIY) 
I F ( A S L 0 t l . E Q . '  ' 1  THEN 

E L S E  

E N D I  F 
CALL  ADCON(IU:IK, LE i IG)  
L-:RITE( I U O )  K I N D ,  I U H K ,  C, OBSO ,OBSB, SD, DUf i i lY,  D U I K Y ,  LENG 

4 

FOl? I I IU (K IND,  I S T A t 2 ,  I R U t I ,  I U t I K ,  LE I IG)  

SD=SIGDEF/R 

DECODE( 3 ,  ASLOH) SD 
SD=DABS(SD) /R  

t i  O D  S= HOB S +  1 
E H D I F  

I F ( A H . N E . '  ' 1  THEN 
K I N D = 1 5  
DECODE(5,AH) H 

5 FO!?!l i:T(F7.3) 
OBSDZH _ _ _ _  
CALL  ~O~MIU(KIND,ISTA,3 ,IRUN,IUNK1LEt~G) 

C & L L  CO1VOB( K I N D ,  ODSO, IUNK,A ,  DUIIIIY, DUIiMY 1 
1 F c A S H . E Q . I  ' 1  THEN 

ELSE 

C A L L  FORflC( K I t l D ,  C t I U N K ,  A ,  DUrl l lY , DUTlFlY 1 

S D = S I G D E F  
_ _  - - 

DECODE(3,ASH) SD 
E H D I F  
CALL  
IJR I T E ( I UO 1 
I I O D S = N O ~ S + l  

ADCON ( I U l l K  , L EHG) 
K I N D  , I UNK, C , OBS 0 ,  OB S B , SD, DUISNY p DUHIlY , L ENG 

E N D I F  

6 * x *  L I S T  THE I N P U T  
C 

C 

b ! R I T E ( 6 , 6 )  HOBS,CARD 
6 F O R i l A T ( l X , I 5 , 1 X , A 9 0 )  

RETURN 
EIII) 
DOUBLE P R E C I S I O N  F U t l C T I O N  R A D I U S ( G L A T , A Z )  

C 
C Hs* COKPUTE R A D I U S  OF CURVATURE ALONG AZI I , IUT l i  ON E L L I P S O I D  
C 

I l l P L  I C 1  T REAL x 8  ( A-H, 0-2 1 
L O G I C A L  LOHFLG 
COI i ; lOl4/  C O  I I  ST IF I , P 12, EA D , L 014 F L G  , ZERO 
COlilYON/ELL I P I A ,  E 2  

S L A T = D S I N ( G L A T )  
S L A T 2 = S L A T E S L A T 
W = D S Q R T ( l . D O - E 2 E S L A T Z )  

IFCAZ. EQ . Z E R O )  THEN 

E L S E I F ( A Z . E Q . P I 2 )  THEN 

E L S E  

C 

C 

R A D I U S = A g ( l .  D O - E 2 ) / ( C l ~ ~ l ~ l ~ i W )  

R AD I US = A /  W 

S A Z = D S I N ( A % )  
C A Z = D C O S ( h Z )  

C A2 2 =C A2 C fiZ 
S A Z Z = S A Z x S A Z  

4 3  



5 1 9 .  
520 .  
521: 
522 .  
523 .  
524 .  
525 .  
526 .  
527 .  
5 2 8 .  
5 2 9 .  
5 3 0 .  
531 .  
532 .  
533.. 
534 .  
5 3 5 .  
5 3 6 .  
537 .  
538. 
539.  
5 4 0 .  
541 .  
5 4 2 .  
5 4 3 .  
5 4 4 .  
5 4 5 .  
5 4 6 .  
5 4 7 .  
5 4 8 .  
549 .  
5 5 0 .  
551 .  
5 5 2 .  
553 .  
5 5 4 .  
555.  
556. 
557 .  
5 5 8 .  
5 5 9 .  
5 6 0 .  
561 .  
5 6 2 .  
5 6 3 .  
5 6 4 .  
565 .  
566 .  
5 6 7 .  
5 6 8 .  
569 .  
5 7 0 .  
5 7 1 .  
572 .  
5 7 3 .  
5 7 4 .  
5 7 5 .  
5 7 6 .  
5 7 7 .  
578.  
5 7 9 .  
5 8 0 .  
5 8 1 .  
5 3 2 .  
5 8 3 .  
5 8 4 .  
5 8 5 .  
586 .  
5 8 7 .  
5 3 8 .  
539. 
5 7 0 .  
5 9 1 .  
592 .  
593 .  

C 

C 
c n n n  
C 

C c g n x  
C 

EN=A/W 
RADIUS=l.DO/(SAZ2/ENtCAZ2/EM) 

ENDIF 

RETURN 
END 

LOAD UNKNOWN NUMBER VECTOR WITH UNKNOWN NUMBERS 

SUBROUTINE FORMIU(KIND,I,J,IRUN,IUNK,LENG) 

IMP L I C  I T REAL g8 ( A - H P 0 -Z 1 
DIMENSION I U N R ( 1 0 )  
DIKEt lS ION L E N G S ~ 1 8 ~ ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 8 ~ 8 ~ 1 0 /  
COM~lOtI/PARMS/ZUPT,NSTA,NRUN~NUNK~ITAB,NOBS 

K I N D  1. TO 1 2  ARE SIPlPLE PARANETERS ( I = I R U N ,  J=IPARM) 

I F ~ K I N D . G E . 1 . A N D . K I t ~ D . L E . 1 2 . A . N D . I . G E . 1 . A N D . I . L E . N R U N . A N D .  
J . GE. 1. AHD, J . LE. 12 1 THEN 

I U N K ( l ) = I U N P R M ( I , J )  
C 
C n*tn KIND 1 3  TO 1 5  ARE COORDINATE CONSTRAINTS ( I = I S T A ,  JZTYPE) 
C 

ELSEIF~KIND.GE.13.AND.KIND.LE.15.AtID.I.GE.l.AND.I.LE.NSTA. 
n AND.J.GE.l .AND.J.LE.3) THEN 
. I U N K ( 1  ) = I U N S T A ( I ,  J )  

C 
C ngn K I N D  1 6  I S  DIFFERENTIAL LATITUDE 
C 

ELSEIF(KIND.EQ.16.AND.I.GE.l.AND.I.LE.NSTA.AND. 
n J , GE. 1. AND. J . LE. NSTA) .THEN 

IUEIK(1 ) = I U N S T A ( I ,  1) 
IU f IK (  2 )= IUNSTA(  J , 1) 
IIJt !K(3)=IUNSTA( IS2.1 
IUHK(q )= IU t (STA(  J j 2 )  
I U N K  ( 5 1 = I U I l P R M (  IRUN, 1) 
IUtIK(6 1 =IUHi'RI.l( IRUIIr 2 )  
I U H K ( 7  )=IUNPRM( IRUN, 3 )  
IUNK(8 )= IU t IPR i l (  IRUN, 4) 

C 
C n * t  KIND 1 7  I S  DIFFERENTIAL LONGITUDE 
C 

n J .GE. 1. AND. J. LE. EISTA) THEN 
ELSEIF(K1ND. EQ. 1 7  .AND. I .GE.  1 .AtID. 1.LE.NSTA.AND. 

I U N K ( l ) = I U N S T A ( I , l )  
IU t iK (2 )= IUNSTA(  J, 1) 
IUNK(  3 )= IUNSTA(  I, 2 )  
IU t IK (  4 )= IUNSTA(  J , 2 1 
I UHK ( 5 1 =I U:IP RM ( I RUH ,5  1 
IUHK(6)=IIJHPEM( IRUNp6 1 
IU I lK  ( 7 1 =IUt lF  R I 1 (  IRUN ,7 1 
IUNK(8 )= IU t iPRI l (  I R U N , 8 )  

C 
C 
C n%x K I t l D  18 IS DIFFERENTIAL HEIGHT 

ELSEIF(KIND.EQ. 18. AND. I .GE. l .  AI(D.1 .LE.NSTA.AND. * J.GE.1.AND.J.LE.NSTA) THEN 
IUHK ( 1 1 =I UllS T A  ( I t 1 
I l l t l K ( 2 ) = I U N S T A (  J , 1) 
IU I IK (  3 )= IU f ISTA(  I t 2 1  
IUNK(4 )= IU t lSTA(  J ,2 )  

I U N Y \ ( 9 ) = I U I I P P , i I ( I R U N ,  11) 
I U N K ( 1 0 1 I U N P RN ( I RUN , 1 2  1 

ELSE 
CIR ITE(6 , l )  K I t l D , I t J , I E U N  

1 FORT:AT('OILLEGAL VALUES I N  FORtlIU=' , 4110)  
CALL FERR 

ENDIF 
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5 9 4 .  
5 9 5 .  
5 9 6 .  
5 9 7 .  
598. 
5 9 9 .  
6 0 0 .  
6 0 1 .  
6 0 2 .  
6 0 3 .  
6 0 4 .  
6 0 5 .  
6 0 6 .  
6 0 7 .  
6 0 8 .  
6 0 9 .  
6 1 0 .  
6 1 1 .  
612. 

C c wxw 
C 

C 

C 
c w w *  
C 

C 
c x x *  
C 

C 
c *n* 
C 

C 
c *nn 
C '  

6 2 1 .  
6 2 2 .  
6 2 3 .  
6 2 4 .  
6 2 5 .  

GET LENGTH OF UNKNOLJN VECTOR 

LEt IG=LENGS( K I N D )  

RETURN 
END 
SUBROUTINE F O R M C ( K I N D , C , I U t l K , A , T , S T )  

COMPUTE THE OB5 EQUATION C O E F F I C I E N T S  FROM THE PARAMETER' 

I t l P L I C I T  REAL*8(A-H,O-Z)  
D I M E N S I O N  A ( l ) , I U N K ( l O ) , C ( l O )  

K I N D  1 TO 12 ARE S I M P L E  PARAMETER CONSTRAINTS 

IF(KIND.GE.l.AND.KIND.LE.12) THEN 
C( 1)=1 .DO 

K I N D  13 TO 15 ARE S I M P L E  COORDINATE C O N S T R A I N T S  

ELSEIF(KIND.GE.13.AND.KIND.LE.15) THEN 
C ( l ) = l  .DO 

K I N D  1 6  I S  D I F F E R E N T I A L  L A T I T U D E  

E L S E I F ( K I N D . E Q . 1 6 )  THEN 
C ( Z ) = l . D O + A ( I U N K ( 5 ) )  

626. C(6)=-(A(IUNK(4))-A(IUNK(3))) 
6 2 7 .  C ( 7 ) = T * C ( 6 )  
628.  C ( 8 ) = S T  
6 2 9 .  C 
6 3 0 .  C *** K I N D  1 7  I S  D I F F E R E N T I A L  LONGITUDE 
6 3 1 .  
6 3 2 .  
6 3 3 .  
6 3 4 .  
6 3 5 .  
6 3 6 .  
6 3 7 .  
6 3 8 .  
6 3 9 .  
6 4 0 .  
6 4 1 .  
6 4 2 .  
6 4 3 .  
6 4 4 .  
6 4 5 .  
6 4 6 .  
6 4 7 .  
6 4 8 .  
6 4 9 .  

6 5 4 .  
6 5 5 .  
6 5 6 .  
6 5 7 .  
6 5 8 .  
6 5 9 .  
6 6 0 .  
6 6 1 .  
6 6 2 .  
6 6 3 .  
6 6 4 .  
6 6 5 .  
6 6 6 .  

C 
E L S E I F ( K I N D . E Q . 1 7 )  THEN 

C ( 6  ) = k c  I U E I K ( 2 )  ) - A (  I U N K (  1) 1 
C ( 7 ) = T * C ( 6 )  
C ( 8 ) = S T  

C '  
C *%% K I N D  18 I S  D I F F E R E N T I A L  H E I G H T  
C 

E L S E I F (  K I N D .  EQ .18 1 THEN 

C (  5 )  =-1. DO 
C ( 6 ) = 1 . D O  
C(7)=A(IUNK(2))-A(IUNK(l)) 
C ( 8  1 = A  ( I U N K (  4 1 ) -A (  I U N K (  3 1 1 
C ( 9 ) = T x C ( 7 )  
C ( l O ) = T * C ( 8 )  

ELSE 
C I R I T E ( 6  p 1) K I N D  

1 FORPlAT( 'O1LLEGAL K I N D  I N  FORMC = ' , I 5 1  
CALL  FERR 

E N D I F  

EETURN 
END 

C 

SUBROUTINE COI~lPOB(KIND, OBSO I U N K ,  APT, S T )  
C 
C *** COMPUTE THE OBSERVATION FROI.1 THE PARAMETERS 
C 
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6 6 7 .  
6 6 8 .  
6 6 9 .  
6 7 0 .  
6 7 1 .  
6 7 2 .  
6 7 3 .  
6 7 4 .  
6 7 5 .  
6 7 6 .  
6 7 7 .  
5 7 8 .  
6 7 9 .  
6 8 0 .  
6 8 1 .  
6 8 2 .  
6 8 3 .  
0 6 4 .  
6 8 5 .  
6 8 6 .  
687. 
6 8 0 .  
689 .  
6 9 0 .  
6 9 1 .  
6 9 2 .  
6 9 3 .  
6 9 4 .  
6 9 5 .  
6 9 6 .  
6 9 7 .  
6 9 8 .  
6 '99.  
7 0 0 .  
7 0 1 .  
7 0 2 .  
7 0 3 .  
7 0 4 .  
7 0 5 .  
706 .  
7 0 7 .  
708. 
7 0 9 .  
7 1 0 .  
7 1 1 .  
7 1 2 .  
7 1 3 .  
7 1 4 .  
7 1 5 .  
7 1 6 .  
7 1 7 .  
7 1 8 .  
7 1 9 .  
7 2 0 .  
7 2 1 .  
7 2 2 .  
7 2 3 .  
7 2 4 .  
7 2 5 .  
7 2 6 .  
7 2 7 .  
7 2 8 .  
7 2 9 .  
7 3 0 .  
7 3 1 .  
7 3 2 .  
7 3 3 .  
7 3 4 .  
7 3 5 .  
7 3 6 .  
7 3 7 .  
7 3 8 .  
7 3 9 .  
7 4 0 .  

C c *** 
C 

C 
c * * %  
C 

C 
c *** 
C 

C 
c *** 

c *** 
C 

C 

C 

C 

I M P L I C I T  REAL*O(A-H,O-Z) 
D IMENSION A ( l ) , I U N K ( l O )  

K I N D  1 TO 12  ARE S I M P L E  PARAMETER CONSTRAINTS 

I F (  K I  ND. GE. 1 .. AND. K I H D .  LE. 12 1 THEN 

K I N D  1 3  TO 15 ARE S I M P L E  COORDINATE CONSTRAINTS 

ELSEIF(KIND.GE.13.AND.KIND.LE.15) THEN 

K I N D  1 6  I S  D I F F E R E N T I A L  L A T I T U D E  

E L S E I F ( K I N D . E Q . 1 6 )  THEN 
DEL L AT = A  ( I UIlK ( 2 1 1 - A  ( I UNK ( 1 1 1 
D E L L O N = A ( I U t i K ( 4 ) ) - A (  I U H K ( 3 )  1 
E l = A ( I U t I K ( 5 )  ) *DELLAT 
E 2 = - A ( I U H K ( 6 ) ) % D E L L O N  
E 3 = - A I I U N K I 7 ) ) w T n D E L L O N  
E 4 = A ( I U l i K ( 8 )  ) * S T  
O B S O = D E L L A T + E l + E 2 t E 3 + E 4  

O B S O = A ( I U N K ( l ) )  

OBSO=A( I U t I K (  1) 1 

K I N D  1 7  I S  D I F F E R E N T I A L  LONGITUDE 

E L S E I F ( K I N D . E Q . 1 7 )  THEN 

E l = A (  I U t I K (  5 )  IXDELLON 
E Z = A ( I U N K ( 6 ) ) X D E L L A T  
E 3 = A (  I U t I K ( 7  1 IXTUDELLAT 
E 4 = A ( I U t K ( 8 ) ) * S T  

DEL LAT=A ( I U l l K  ( 2 1 1 - A (  I U H K  ( 1) 1 
EEL LON=A ( I U H K  ( 4 1 1 - A  ( I U t l K (  3 1 1 

O B S O = D E L L O N t E l + E Z t E 3 t E 4  

K I N D  18 I S  D I F F E R E N T I A L  HEIGHT 

E L S E I F ( K 1 N D .  EQ. 18)  THEH 
DELLAT=A(  IUNKC 2 )  ) - A (  I U I i K (  1) 1 
D E L L O N = A ( I U F K ( 4 ) ) - A ( I U N K o )  
DELHZA ( IUNI( (  6 1 ) - A (  I U t i K (  5 1 1  
E l  =A ( I U tIK ( 7 1 1 %DEL L AT 
E 2 = A ( I U t I K ( 8 )  )*DELL014 
E 3 = A ( I U N K (  9 )  I X T X D E L L A T  
E 4 = A (  I U l : K ( l O  1 )%TEDELLON 
O B S O = D E L H t E l t  E 2 t  E 3 t  E4  

ELSE 
b J R I T E ( 6 , l )  K I N D  
F O E r l A T ( ' 0 I L L E G A L  K I N D  Iti COMPOD=' , I5)  
CALL FERR 

E N D I F  

RETURN 
Et iD 
SUBROUTINE INERTL(CARD, IUO,A)  

PROCESS THE I N E R T  I AL OBSERVATIONS 

DIf,iENSIOIY A ( 1 )  
CH ARACT ERjf  9 0 CARD 
CHARACTERN1 CC2 

I N P L I C I T  R E A L g 8 ( A - H I O - Z )  

CC2=SUBSTR(CARD,Z, l l  

I F ( C C Z . E Q . ' R ' )  THEN 
CALL HEdDER(CARD1 

E L S E I F ( C C 2 . E Q .  ' P l ' )  THEN 
CALL MARK(CARD,IUO,A) 

E L S E I F ( C C 2 . E Q .  ' U ' )  THEN 
CALL INUPDT(CARD1 

ENDIF 

RETURN 

46 



7 4 1 .  
7 4 2 .  
7 4 3 .  
7 4 4 .  
7 4 5 .  
7 4 6 .  
7 4 7 .  
748. 
7 4 9  I 
7 5 0 .  
751. 
752. 
7 5 3 .  
7 5 4 .  
7 5 5 .  
7 5 6 .  
7 5 7 .  
7 5 8 .  
7 5 9 .  
7 6 0 .  
7 6 1 .  
7 6 2 .  
7 6 3 .  
7 6 4 .  
7 6 5 .  
7 6 6 .  
7 6 7 .  
7 6 8 .  
7 6 9 .  
7 7 0 .  
7 7 1 .  
7 7 2 .  
7 7 3 .  
7 ? 4 .  
7 7 5 .  
7 7 6 .  
7 7 7 .  
7 7 8 .  
7 7 9 .  
7 8 0 .  
7 8 1 .  
7 8 2 ,  
7 8 3 .  
784. 
7 8 5 .  
7 8 6 .  
7 0 7 .  
7 8 8 .  
7 8 9 .  
7 9 0 .  
7 9 1 .  
7 9 2 .  
7 9 3 .  
7 9 4  * 
7 9 5 .  
7 9 6 .  
7 9 7 .  
7 9 8 .  
7 9 9 .  
800 .  
8 0 1 .  

8 0 3 .  
8 0 4 .  
8 0 5 .  
8 0 6 .  
8 0 7 .  
8 0 8 .  
8 0 9 .  
8 1 0 .  
811. 
8 1 2 .  
813. 
8 1 4 .  

, 8 0 2 .  

C 
c nnw 
C 

C 
c WWS 
C 

1 
C 
c n x n  
C 

2 

C 

3 

C 
c *En 
C 

C 
c x n n  
C 

C c w w *  
C 

4 
C 

C 
c n n w  
C 

C c 363636 
C 

C c **n 
C 

Et!D 
SUBROUTINE HEADER(CARD1 

PROCESS AN I N E R T I A L  RUN HEADER CARD 

I N P L  I C I T  REALP8 ( A-H , 0-21 
C l i A R A C T E R ~ 9 0  CARD 
CHAR ACT ERE 3 2 14 A I E 

CO~IfiOt~/ULD/GLAT1,GLUN1,H1,ISTA,TO.T1,IRUN 
COI~lPiON/PARiIS/ZUPT p NSTA,  NEUN , HUNK, I T A B  NOBS 

EXTRACT THE NECESSARY F IELDS 

DECODE( 1 ,CAkD)  IRUN,NAME, I 1  ,fl1 ,S1, 1 2 , M 2 , S 2 , H l P  I H ,  I M ,  I S  

I t l T E G E R  SEEK,  SIZE 

F 0 E f l A T ( 2 X , 1 4 ~ A 3 0 ~ 1 3 ~ 1 2 , F 7 . 5 ~ 1 ~ ~ 1 2 , F 7 . 5 ~ F 7 . 3 ~ 3 1 2 ~  

V E R I F Y  RANGES 

I F  ( I R U l l  . L E .  0 .  OR. I R U N  . GT . NRUN 1 THEN 
CIRITE( 6 , 2 1 CARD, I R U i I  , tIRUN 
FOi iPidT( 1 X .  A 9 0 .  '3636 B A D  RUN N U M '  ,215 1 
CALL FERR 

END1 f 

ISTA=SEEI ( (  I T A D , t I A t I E )  
I F ( I S T A . G T . S I Z E ( I T A B 1 )  THEN 

W R I T E ( 6 , 3 )  CARD 
FORPlAT( lX,AFO, ' NON-POS NAME' 1 
CALL FERR 

E N D I F  

GET VALUES 

T 0 = (  I H x  6 0 + IF1 1 r6 0 + I S  
CALL  GETRADC I1  ,ill, SI, G L A T l )  
CALL  GETRAD( I2 ,MZ,S2 ,GLONl )  

I N I T I A L I Z E  T I N E  V A R I A B L E  

T l = T O  

L I S T  THE I N P U T  

b l R I T E ( 6 , 4 )  CARD 
FOEPIAT ( 7X,  A 9 0  1 

RETUFN 
EtID 
SUBROUTINE MARK(CARD,IUO,A) 

PROCESS AN I N E Z T I A L  'MARK' OBSERVATION 

I f l P  L I C 1  T REAL n3 ( A-H t 0-2 1 
CHARACTER*SO CARD 
CHARACTERS32 NAliE 
CHARACTERF5 ASDLAT,ASDLON,ASDH 
INTEGER S E E K n S I Z E  
L O G I C A L  LONFLG 
D I I I E N S I O N  A ( 1 )  , I U t l K ( l O ) , C ( l O )  
COi l r lOH/PAf?I lS/ZUPT, NSTA, NFUN, NUHK , I T A B  , NOBS 
C 0; $1 !IN / C 0 tI S T F I , P I 2 , RAD , L 0 N F L G , Z  ER 0 
C O l i l . i O N / O L D / G L A T 1 , G L 0 1 ~ 1 , I i 1 , I S T A , T O , T 1 ~ I R U N  

DEFAULT DELTA P O S I T I O N  (METERS) 

SDDEfL=O. lOODO 

EXTRACT THE F I E L D S  

DECODE( 1 ,CARD) NAME, I1  ,M1, S 1  , 12,r12,S2,H2, I H I I M I I S ,  
w A S D L A T , A S D L O N , A S D H , S D L A T , S D L O N , S D H  

1 F 0 R M A T ~ 6 X , A 3 0 , 1 3 , 1 2 , F 7 . 5 , 1 4 , 1 2 , F 7 . 5 , F 7 . 3 , ~ 1 2 , 3 A 5 , T 7 5 , 3 F 5 . 3 ~  
C 
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815. 
8 1 6 .  
817. 
818. 
8 1 9 .  
8 2 0 .  
821. 
822. 
8 2 3 .  
8 2 4 .  
825. 
8 2 6 .  
8 2 7 .  
828. 
8 2 9 .  
8 3 0 .  
8 3 1 .  
8 3 2 .  
8 3 3 .  
8 3 4 .  
8 3 5 .  
8 3 6 .  
8 3 7 .  
8 3 8 .  
8 3 9 .  
8 4 0 .  

841. 
8 4 2 .  
8 4 3 .  
844. 
8 4 5 .  
8 4 6 .  
8 4 7 .  
8 4 8 .  
8 4 9 .  
8 5 0 .  
8 5 1 .  
8 5 2 .  
6 5 3 .  
8 5 4 .  
855. 
8 5 6 .  
8 5 7 .  
858. 
8 5 9 .  
8 6 0 .  
8 6 1 .  
8 6 2 .  
8 6 3 .  
8 6 4 .  
8 6 5 .  
8 6 6 .  
8 6 7 .  
8 6 8 .  
8 6 9 .  
8 7 0 .  
8 7 1 .  
8 7 2 .  
8 7 3 .  
8 7 4 .  
8 7 5 .  
8 7 6 .  
8 7 7 .  
8 7 8 .  
8 7 9 .  
8 8 0 .  
881. 
882. 

8 8 4 .  
885. 
8 8 6 .  

8 8 3 .  

8 8 7 .  
888. 

JSTA=SEEK(ITAB,NAME) 
I F ( J S T A . G T . S I Z E ( I T A B 1 )  THEN 

GIR I T E ( 6 , 2 1 CARD 
2 FORFlAT(lX,A90,'  NON-POS NAME') 

CALL FERR 
E N D I  F 

C 
C HHH TRANSLATE F I E L D S  
C 

T 2 = ( I H * 6 0 + I M ) * 6 0 + I S  
CALL -GETRAD( 11, tll ,,Sl , G L A T 2  1 
CALL GETRAD(12,M2rS2,GLONZ) 

C 
C HHH COMPUTE MEAN ELAPSED T I N E  ( T I  AND SUN OF SQUARE I N T E R V A L S  ( S T )  
C 

T=((T2-TO)+(Tl-T0))/2000. 
N T = I N T ( ( T P - T l ) / Z U P T )  
RT=T2-T  1- NTNZUPT 
ST=(ZUPTNZUPT%NT+RT*RT) / lOOO.  

C 
C NH* FORM AND WRITE D I F F E R E N T I A L  LAT OBS EQ 
C 

C 
K I N D z 1 6  

CALL FORMIU(KIND,ISTA,JSTA~IRUN~IUNK~LENG) 
CALL FORMC(KIND,C,IUNK,A,T,ST) 
CALL COMPOB(KIND.OBSO.IUNK,A,T,ST) 

C 

C 
OBSB=GLAT2-GLATl  

I F ( A S D L A T . E Q . '  ' 1  THEN 
SD=SDDEFL/RADIUS( ( G L A T l + G L A T 2 ) / 2 .  DO ,ZERO) 

ELSE 

E N D I  F 

W R I T E ( I U 0 )  KIND,IUNK,C,OBSO,OBSB,SD,T,ST,LENG ' 
NOB S =HOBS+ 1 

S D = S D L A T / R A D I U S ( ( G L A T l + G L A T 2 ) / 2 . D O ~ Z E R O )  

C 
CALL ADCON(IUttK,LENG) 

C 
C N N %  FORM AND WRITE D I F F E R E N T I A L  LONG OBS EQ 
C 

K I N D Z 1 7  
C 

CALL FORPlIU(KII4D, I S T A ,  JSTA,IRUN,IUNK,LEtIG) 
CALL FORf'lC(KIND,C, I U I I K ,  A t  T, S T )  
CALL COMPOB(KIND,OBSO,IUNK,A,T,ST) 
OBSB=GLON2-GLONl 

IF (ASDLON.EQ. '  ' 1  THEN 

ELSE 

E N D I F  

C 

C 

S D = S D D E F L / R A D I U S ( ( G L A T l + G L A T 2 ) / 2 . D O , P I 2 )  

SD=SDLON/RADIUS((GLATl+GLAT2)/2.DO,PI2) 
1 

5 
CALL 
I1R I T E.( I UO 1 

ADCON ( IUI4K , LENG 1 
K I N D  t I UNK , C , OBS 0 , OBSB , SD, T , ST , L EHG 

NOBS=NOBS+l 
C 
C * * %  FORM AHD WRITE D I F F E R E N T I A L  HEIGHT OBS EQ 
C 

C 
K I N D z 1 8  

CALL FORMIU(KIMD,ISTA,JSTA~IRUN~IUNK,LENGI 

CALL COMPOB(KIND,OBSO,IUNK~A,T~ST) ' 
CALL FORilC(KII.ID, C, I U N K t  A t  T, S T )  

C 
OBSBZHP-Hl  

F 
b 

1FCASDH.EQ. l  '1 THEN 

ELSE 
SDZSDDEFL 

SDZSDH 
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8 8 9 .  
8 9 0 .  
8 9 1 .  
8 9 2 .  
8 9 3 .  
8 9 4 .  
8 9 5 .  
8 9 6 .  
8 9 7 .  
8 9 8 .  
8 9 9 .  
900 .  
901 .  
902. 
903 .  
904.  
905 .  
9 0 6 .  
907 .  
908 .  
909 .  
910 .  
911 .  
912 .  
913 .  
914 .  
915 .  
9 1 6 .  
917.  
918.  
919.  
920 .  
921.  
922. 
923 .  
924 .  
925 .  
926 .  
927 .  
9 2 8 .  
929 .  
930 .  
931 .  
932 .  
933 .  
934 .  
935 .  
936 .  
937 .  
9 3 8 .  
939 .  
940.  
9 4 1 .  
9 4 2 .  
9 4 3 .  
9 4 4 .  
9 4 5 .  
9 4 6 .  
947 .  
948 .  
949 .  
950 .  
951 .  
952 .  
953 .  
954 .  
955 .  
956 .  
957  * 
958 .  
959 .  
960 .  
961.  
9 6 2 .  
963 .  

ENDIF 

CALL ADCON(IUNK,LENG) 

NOBS=NOBS+l 

UPDATE THE COORDINATES AND T I N E  

W R I T E ( I U 0 )  KIND,IUNK,C,OBSO,OBSBrSD,T,STrLEHG 

ISTA=JSTA 
GLATl=GLATP 
G L ON 1 =G L ON2 
H1=H2 
T l = T 2  

LIST THE INPUT 

CALL G E T M ( G L A T 2 , G L O N 2 , A ( I U N S T A ( J S T A , l ) ) r A ( I U N S T A ( J S T A , 2 ) ) , G N L A T ,  
w GMLON 1 

3 
C 

C 
c nwn 
C 

C 

C 

C 

C 
c nxn 
C 

C 
c nnn 
C 

1 
C 

C c E** 
C 

2 
C 

C 
c *n* 
C 

GIR I T E (  6 t 3 1 
F O t ? M A T ( 1 X , I 5 , 1 X ~ A 9 0 , 2 F l O . 3 )  

NOBS , CARD s GMLAT t GMLON 

RETURN 
END 

DISPLAY R A W  DIFFERENCES 

I M P L I C I T  REAL*8(A-HSO-Z) 

SUBROUTINE GETM(GLA2,GLO2,GLAl,GLOl,GMLA,GMLO) 

LOGICAL FLAG 
COM~ON/CONST/PI,PI2,RAD,FLAG,ZERO 
IF (GLA l .NE.GLA2)  THEN 

CALL ELIPIN(GLAl,GLOl,GLA2,GLOl,GMLA,FAZ,BAZ) 
IF(FAZ.GT.PIZ.AND.FAZ.LT.3.DOSPIZ) GI. ILA=-GNLA 

ELSE 

ENDIF 
GPlLAZO. DO 

IF (GLOl .NE.GL02)  THEN 
CALL E L I P I I I ( G L A 1 s G L O 1 , G L A l ~ G L O 2 ~ G H L O ~ F A Z ~ B A Z ~  
I F (  FAZ. GT. P I )  GI'ILO=-GMLO 

ELSE 
GI;lLO=O. DO 

END1 F 

RETURN 
EHD 
SUBROUTINE INUPDTCCARD) 

PROCESS AN I N E R T I A L  'UPDATE' OBSERVATION 

I PIP L I C I T R EA L *8 ( A - H , 0 -Z 1 
CHARACTERw90 CARD 
C014WON/OLD/GLATl~ GLONl, t i l ,  ISTA,  TO ,T1, IRUN 

EXTRACT THE UPDATE F IELDS WHICH PASS THRU COMMON /OLD/ 

CALL G E T R A D ( I l , N l , S l ~ G L A T l )  
CALL GETRAD(I2,M2,S2,GLONl) 

L I S T  THE INPUT 

WRITE(6 ,2)  CARD 
FORMAT(7X,A90) 

RETURN 
EtlD 
SUBROUTINE FIXPRM(CARD,IUO,A) ' 

CONSTRAIN A PARAtlETER 

I M P L I C I T  REAL*8(A-H,O-Z) 
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9 6 4 .  
9 6 5 .  
9 6 6 .  
9 6 7 .  
9 6 8 .  
9 6 9 .  
9 7 0 .  
9 7 1 .  
9 7 2 .  
9 7 3 .  
9 7 4 .  
9 7 5 .  
9 7 6 .  
9 7 7 .  
9 7 8 .  
9 7 9 .  
9 2 0 .  
9 8 1 .  
9 2 2 .  
9 8 3 .  
9 8 4 .  
9 8 5 .  

9 8 7 .  
9 5 8 .  
9 5 9 .  
9 9 0 .  
9 9 1 .  
9 '32.  
9 9 3 .  
9 9 4 .  
9 9 5 .  

9 8 6 .  

9 9 6  
9 9 7 .  
938.  

- 9 9 9 .  
1 0 0 0 .  
1 0 0 1 .  
1002. 
1 0 0 3 .  
1 0 0 4 .  
1 0 0 5 .  
1 0 0 6 .  
1 0 0 7 .  
1 0 0 8 .  
1 0 0 9 .  
1 0 1 0 .  
1 0 1 1 .  
1 0 1 2 .  
1 0 1 3 .  
1 0 1 4 .  
1 0 1 5 .  
1 0 1 6 .  
1 0 1 7 ,  
1 0 1 3 .  
1 0 1 9 .  
1020. 
1 0 2 1 .  
1 0 2 2 .  
1 0 2 3 .  
1 0 2 4 .  
1 0 2 5 .  
1026 .  
1 0 2 7 .  
1 0 2 8 .  
1 0 2 9 .  
1 .030 .  
1 0 3 1 .  
1 0 3 2 .  
1 0 3 3 .  
1 0 3 4 .  
1 0 3 5 .  
1 0 3 5 .  

1 0 3 8 .  
1 0 3 7 .  

CHARACTERS90 CARD 
C H A R A C T E R n l 2  VALUE 
CHARACTER*lO SIGMA 
D I M E N S I O N  I U N K ( l O ) , C ( l O ) , A ( l )  
COMl lON~PARMS/ZUPT t NSTA, NRUN, NUNK, I T A B  , NOBS 

C 
C *%H EXTRACT THE F I E L D S  
C 

VALUE=SUBSTR(CARD,9,12]  

DECODE(1,CARD) IRUN,IPARM,OBSB,SD 
S I G M A = S U B S T R ( C A R D , 2 1 , 1 0 ~  

1 FORMAT(2X,I4,I2,F12.lO~FlO.8) 
C 
C **H MAKE SURE CORRECT RANGE ON Q U A N T I T I E S  
C 

. IF~IRUN.LE.O.OR.IRUN.GT.NRUN.OR.IPARN.LE.O.OR.IPARR.GT.12~ THEN 
b l R I T E ( 6 , 2 )  IRUN,IPARM,NRUN 

2 F O R M A T ( ' 0 I L L E G A L  VALUES I N  F I X P R M 1 , 3 1 5 )  
CALL  FERR 

E N D I F  
I F ~ V A L U E .  EQ. 1 1 .OR.SIGMA. EQ. 1 1 1 THEN 

b I R I T E ( 6 , 3 )  CARD 
3 FORMAT( lX ,A90 ,1  I L L E G A L  VALUE OR S I G P l A ' )  

C A L L  FERR 
END1 F 

C 
C % % *  W R I T E  THE CONSTRAINT OBSERVATION EQ 
C 

K I N D =  I P ARM 
CALL  F O R F l I U ( K I N D , I R U N ~ I P A R R ~ I D U N i l Y ~ I U N K ~ L E N G ~  
CAL L 
C A L L  COflPOB(l t I I . ID, OBSO t I U N K ,  A t  DUi l i iY,  D U K l Y  1 
C A L L  d D C O t 4 ( I U N K , L E N G l  
bJR I T E ( I UO 1 K I  ND t I U tiK , C , OBS 0 ,  OBS B , S D , DUtl i iY  , Dilfi;lY, L EN G 

FORrlC( K I  HD, C, I U N K  , A , DU;I;1Y t DUrl;lY 1 

NODS = tIOBS+ 1 
C 
C *H% L I S T  THE I N P U T  
C 

GI !? ITE(6 ,4 )  NOBS,CARD 
FORPlAT ( 1X ,  I5 t 1 X ,  A 9 0  1 4 

C 
RETURN 
END 
SUBROUTINE ADDACC(CARD1 

C 
C x % *  ADD COIINECTIONS FOR ACCURACIES 
C 

I 1.1 P L I C I T R E A L 8 8 ( A - H P O  - Z 1 
DIr'1E:ISIOH I U ( 6  1 
INTEGER S E E K . S I Z E  
C H A R A C T E R ~ S O  CF.I?D 
CHARACTER*32 NA i lE1 ,  NAKE2 
COiliiON/PARf'lrJ/ZUPT, t I S T A ,  N R U N ,  N U N K ,  I T A B ,  N O B S  

C 
L ENG=6 

C 
C *H* I N S U R E  BOTH NAMES POSITONED 
C 

NAMEl=SUBSTR(CARD,7 ,30 )  
NAKE2=SUGSTR(CARD,37,301 

M A X = S I Z E (  I T A B  1 

I = S E E K (  I T A D  t 114PlE1) 
J = S E E K ( I T A B , N A M E 2 )  

,. u 
I F ( I . L E .  MAX. A E! D . J . L E. MAX 1 THEN 

E N D I F  

CALL  C O N E C G ( I , J , I U )  
CALL  ADCON(IU,LENG) 

rn 

*** L I S T  THE I N F U T  

1 F 0 RNA T ( 7 XI A 9 0 1 

C 
l . JP . ITE(6 , l )  CARD 

.. 
L 

R E l U R N  
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1 0 3 9 .  
1 0 4 0 .  
1 0 4 1 .  
1 0 4 2 .  
1 0 4 3 .  
1 0 4 4 .  
1 0 4 5 .  
1 0 4 6 .  
1 0 4 7 .  
1 0 4 8 .  
1 0 4 9 .  
1 0 5 0 .  
1 0 5 1 .  
1 0 5 2 .  
1 0 5 3 .  

1 0 5 5 .  
1 0 5 6 .  
1 0 5 7 .  
1 0 5 5 .  
1 0 5 9 .  
1 0 6 0 .  
1 0 6 1 .  
1 0 6 2 .  
1 G 6 3 .  
1 0 6 4 .  
1 0 6 5 .  
1 0 6 6 .  
1 0 6 7 .  

1 0 5 6 .  

1 0 6 8 .  
1 0 6 9 .  
1 0 7 0 .  
1 0 7 1 .  
1 0 7 2 .  
1 0 7 3 .  

1 0 7 5 .  
1 0 7 6 .  
1 0 7 7 .  
1 0 7 8 .  
1 0 7 9 .  
1 0 8 0 .  
l o c i .  
1 0 8 2 .  
1 0 G 3 .  
1 G S 4 .  
1 0 3 5 .  
1 C 8 6 .  
1 0 8 7 .  
1 0 6 8 .  
1 0 8 1 .  
1 0 9 0 .  
1 0 9 1 .  
1 0 9 2 .  
1 0 9 3 .  
1 0 9 4 .  
1 0 9 5 .  
1 0 9 5 .  

' 1 0 9 7 .  
1 0 9 8 .  
1 0 9 9 .  
1 1 0 0 .  
1 1 0 1 .  
1 1 0 2 .  
1 1 0 3 .  
1 1 0 4 .  
1 1 0 5 .  
l l O G .  
1 1 0 7 .  
i i o e .  
1 1 0 9 .  
1 1 1 0 .  
1111. 
1 1 1 2 .  
1 1 1 3 .  

C c * **  
C 

C 

C 

C c * * Y  
C 

C 
c * **  
C 

C 
c * w *  
C 

1 

C 
c * w w  
C 

EI4D 
SUSROUTINE CONECG( I , J , IU )  

F I L L  COHHECTION M A T R I X  FOR TWO S T A T I O N S  

D1:IENSION I U ( 6  1 

Z U ( l ) = I U N S T A ( I , l )  
IU( 2)= IU115TA(  I ,  2 )  

END 
SUBROUTINE NO~MAL(IUO,ILJ,ISPACE,GOOGE,ITER,STOL) 

FORY AND SOLVE HORMAL EQUATIONS 

I l i P  L I C I  T REAL R 3  ( A-H , 0-2 1 
L O G I C A L  F L A G  

COi;l lOH/PARiiS/ZUPT, NSTA, NRUH , NUEIK, I T A B ,  NODS 

R E!.] I t.4 D 0 B S ER V AT I 0 N EQ U A T I 0 II S AND I N  I T I A L I 2  E B I B B 
RE!4I?(D I U O  

D I i l E l 4 S I O N  I L * ! (  1) ,GOOGE( 1) , I U N K (  1 0  1 p C ( 1 0 )  

C A L L  BIBB(ISPACE,IW,NUNK,ITER) 

LOAD OBSERVATION EQUATIOaS AND FORM NORMALS 

DO 1 I=l,NOES 
EL=OESB-OB50 
VAR=SD*SD 
P = l . D O / V A R  

CALL  FLUSHQ 

I t i  I T I P. L I Z E  GO 0 G E N UNB ER S 

DO 2 I = l , t I U I I K  

IF( .HOT.FLAG)  1HEN 

READCIUO) K I t ~ D , I U N K , C s O B S O ~ 0 D S B , S D , T M E A N . S S Q T I L E N G  

CALL ADOBS( I U I I K ,  C, LEHGr  EL  ,PI 

GOOGE( I ) = E L E f l ( I ,  I , FLAG)  

b l R I T E ( 6 , 3 )  I 
3 FOEliAT ( * OFATAL ERROR I N  HORilALS * , I 5  1 

CALL FERR 
EIIDIF 

2 COI IT INUE 
C 
C * x *  REDUCE THE NOZMALS 
C 

C A L L  SETEL(IDUP:i IY,O) 
CALL  REDUCE(:ISING, I P O I N T ,  STOL,  IDUFiMY 1 
C A L L  SETEL(IDU?lMY,O) 

C 
C * * %  TEST FOR S I N G U L A R I T Y  
C 

C 
C * * *  NO S I N G U L A R I T Y  -- COIIPUTE GOOGE NUMBERS 
C 

C 

I F C N S I N G .  GT. 0 )  C A L L  S I H G U L (  I W ,  NS ING,  I P O I N T , S T O L  1 

DO 4 I = l , N U N K  
T E M P = E L E M ( I , I , F L A G )  

I F ( .  NOT. F L A G )  T l lEN 
b J E I T E ( 6 , 5 )  I 

5 FORI3AT(*O F A T A L  ERROR DOWN I N  N O R I I A L S * , I 5 )  
CALL  FERR 

E H D I F  
C 

C 
C % x i (  COMPUTE THE SOLUTION 

4 GOOGE(I)=1.DO/(GOOGE(I)~TEMP*TEPlP) 
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C 1 1 1 4 .  
1115. 
1 1 1 6 .  
1 1 1 7 .  
1118. 
1 1 1 9 .  
1 1 2 0 .  
1121. 
1122. 

.1123. 
1 1 2 4 .  
1125. 
1 1 2 6 .  
1 1 2 7 .  
1128. 
1 1 2 9 .  
1 1 3 0 .  
1 1 3 1 .  
1 1 3 2 .  
1 1 3 3 .  
1 1 3 4 .  
1 1 3 5 .  
1 1 3 6 .  
1 1 3 7 .  
1 1 3 8 .  
1139. 
1 1 4 0 .  
1 1 4 1 .  
1 1 4 2 .  
1 1 4 3 .  
1 1 4 4 .  
1 1 4 5 .  
1 1 4 6 .  
1 1 4 7 .  
1 1 4 8 .  
1 1 4 9 .  
1 1 5 0 .  
1 1 5 1 .  
1152. 
1 1 5 3 .  
1 1 5 4 .  
1155. 
1 1 5 6 .  
1 1 5 7 .  
1 1 5 8 .  
1 1 5 9 .  
1 1 6 0 .  
1 1 6 1 .  
1 1 6 2 .  
1 1 6 3 .  
1 1 6 4 .  
1 1 6 5 .  
1 1 6 6 .  
1 1 6 7 .  
1 1 6 8 .  
1 1 6 9 .  
1 1 7 0 .  
1 1 7 1 .  
1 1 7 2 .  
1 1 7 3 .  
1 1 7 4 .  
1 1 7 5 .  
1 1 7 6 .  
1 1 7 7 .  
1 1 7 8 .  
1 1 7 9 .  
1 1 8 0 .  
1181. 
1 1 8 2 .  
1 1 8 3 .  
1 1 8 4 .  
1185.  
1 1 8 6 .  
1 1 8 7 .  

CALL 
CALL SOLVE(WSING,IPOINT,STOL~IDUMMY) 
CALL 

SET EL ( IDUMMY , 0 1 

SETEL ( I DUPlMY 9 0 1 
n 
L 

C * * X  FATAL TERMINATE DUE TO S I N G U L A R I T Y  
c .  

I M P L I C I T  REAL*8(A-H,O-Z) 
D IMENSION I W (  1) 

C 
W K I T E ( 6 , l )  STOL 

1 FORMAT('0THE FOLLOWING UNKNOWNS F A L L  BELOW TOLERANCE OF ' t D 8 . 2 )  
C 

DO 2 I = l , N S I N G  
2 W R I T E ( 6 t 3 )  I W ( I P O I N T + I - l )  
3 F O R M A T ( l O X , I 5 )  

C 
G!RITE(6 t 4 1 

4 FORf lAT( '0THE FOLLOWING DUMP I S  I N T E N T I O N A L ' )  
CALL FERR 

RETURN 
END . 

C 

LOGICAL FUNCTION CONVRG<AtSHIFTS,TOL,ITER) 
C 
C X * *  UPDATE THE UNKNOWtiS AND TEST FOR CONVERGENCE 
C 

I M P L I C I T  REALw8(A-H,O-Z)  

C OlliIO tV CON S T /  P I , P 12, RAD I L 0 N F L G , ZERO 

SSQ=O .DO 

DIPlENSION 
LOGICAL FLAG, LOt lFLG 

COMMON/PARIIS/ZUPT,NSTA,NRUN,NUNK,ITAB,NOBS 

A (  1) t S H I F T S (  1) 

C 

C 
C * * X  LOOP OVER ALL UNKNOWNS 
C 

N3=NSTA*3 

DO 2 I = l , N U N K  
X=ELEf l (  I, N U N K + l  t FLAG) 
I F ( . N O T . F L A G )  THEN 

L4RITE(6 ,1 )  

CALL FERR 
1 FORMAT('OPROGRAf1MER ERROR I N  CONVRG') 

E N D I F  
C 
C X * *  UPDATE UNKHOWNS 
C 

C 
C * X *  ACCUMULATE SUM OF SQUARES AT STATIONS AND S H I F T S  
C 

A ( I ) = A ( I ) + X  

CALL INVIUN(I,ICODE,ISTA,ITYPE) 
I F ( I C O D E . E Q . 0 )  THEN 

S H I F T S ( I ) = S H I F T S ( I ) + X  
I F (  I T Y P E  . EQ . 1 1 THEN 

X = X X R A D I U S ( A ( I ) , Z E R O )  
E L S E I F (  I T Y P E .  EQ. 2 )  THEN 

END1 F 
SSQ=SSQ+X*X 

X = X X R A D I U S ( A ( I - l ) , P I 2 )  

E I i D I F  
2 CONTINUE 

C 
C ***  END OF LOOP OVER UNKNOIJNS 
C 
C ***  TEST FOR CONVERGENCE 
C 

VAL=SQ!?T(SSQ/N3) 
I F ( V A L . L E . T O L )  THEN 

CONVRG=. TRUE. 1188. 
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1 1 8 9 .  
1 1 9 0 .  
1 1 9 1 .  
1 1 9 2 .  
1 1 9 3 .  
1 1 9 4 .  
1 1 9 5 .  
1 1 9 6 .  
1 1 9 7 .  
1 1 9 8 .  
1 1 9 9 .  
1 2 0 0 .  
1 2 0 1 .  
1202. 
1203 .  
1204.  
1 2 0 5 .  
1 2 0 6 .  
1 2 0 7 .  
1 2 0 8 .  
1 2 0 9 .  
1 2 1 0 .  
1211. 
1212. 
1 2 1 3 .  
1 2 1 4 .  
1215. 
1 2 1 6 .  
1 2 1 7 .  
1218. 
1 2 1 9 .  
1 2 2 0 .  
1221. 
1222. 
1 2 2 3 .  
1 2 2 4 .  
1225. 
1 '226 .  
1 2 2 7 .  
1 2 2 8 .  
1 2 2 9 .  
1 2 3 0 .  
1 2 3 1 .  
1 2 3 2 .  
1 2 3 3 .  
1 2 3 4 .  
1 2 3 5 .  
1 2 3 6 .  
1 2 3 7 .  
1 2 3 8 .  
1 2 3 9 .  
1 2 4 0 .  
1 2 4 1 .  
1 2 4 2 .  
1 2 4 3 .  
1 2 4 4 .  
1 2 4 5 .  
1 2 4 6 .  
1 2 4 7 .  
1 2 4 8 .  
1 2 4 9 .  
1 2 5 0 .  
1 2 5 1 .  
1 2 5 2 .  
1 2 5 3 .  
1 2 5 4 .  
1255. 
1 2 5 6 .  
1 2 5 7 .  
1 2 5 8 .  
1 2 5 3 .  
1 2 6 0 .  

ELSE 

END1 F 
CONVRG=. FALSE. 

L 

36x36 P R I N T  RESIDUALS 
C 

W R I T E ( 6 , 3 )  I T E R S V A L  
3 FORMAT( '0AT I T E R A T I O N  # ' , I 2 , '  THE RMS CORRECfION IS ' , F17 .3 ,  * ' METERS')  

C 

C 

C 
c **x  

C c nnx 
C 

C 
c n n n  
C 

C c nw* 
C 

C c nnn 
C 

C 
c nnn 
C 

C 

C 
c nnn 
C 

C 
c n x x  
C 

1 

RETURN 
END 
SUBROUTINE FINAL(IUO,A,SHIFTS,GOOGE,STATS,STOL) 

L I S T  THE ADJUSTMENT RESULTS 

I M P L I C I T  REALn8(A-HsO-Z)  
LOGICAL FLAG 
D I H E N S I O N  A(1),SHIFTS(1~,GOOGE(l~,STATS(l~ 
COPlflON/PARMS/ZUPT,NSTA,NRUN, HUNK, ITAB,NOBS 

GET VARIANCE OF U N I T  WEIGHT ( A - P R I O R I  I S  1 . 0 1  

SUMPVV=ELEM( NUNK+l ,NUNK+l ,  FLAG) 
IDOF=NOBS-NUNK 
I F ( I D O F . E Q . 0 )  THEN 

V A R U W T = S UP1 P V V 
ELSE - _  - - 

VARUWT=SUMPVV/IDOF 
E N D I F  
SIGUWT=DSQRT ( VARUldT 1 

I N V E R T  W I T H I N  P R O F I L E  

CA L L 
CALL I N V R S E ( t i S I N G ,  I P O I N T , S T O L r I D U M I I Y )  
CALL 

SET EL  ( I DUPlPlY , 0 1 

SETEL ( IDUl lMY , 0 1 

L I S T  ADJUSTED P O S I T I O N S  AND PARAMETERS AND P O S I T I O N  S H I F T S  

CALL ADJPOS(A,SHIFTS,GOOGE) 

L I S T  ADJUSTED OBSERVATIONS AND RESIDUALS 

CALL RESID( IU0 ,A ;STATS)  

COMPUTE ACCURACIES AND P R I N T  VARIANCE 

REMIND 11 
CALL A C C U R ( A ~ S H I F T S , S I G U W T ~ S U i ' l P V V , I D O F ~ V A R U W T ~  

RETURN 
END 
SUBROUTINE ADJPOS(A,SHIFTSnGOOGE) 

L I S T  ADJUSTED P O S I T I O N S  AND PARAMETERS 

I M P  L I C I  T 
LOGICAL FLAG, LONFLG 

REAL E 8  ( A-H p0-Z) 

CHAR k C T ER 3 2 N AH E 
D IMENSION A ( l ) , S H I F T S ( l ) , G O O G E ( l )  
C O l l M O N ~ P A R I . 1 S ~ Z U P T , N S T A ~ N R U N , N U N K , I T A B ~ N O B S  
C O M M O N ~ C O N S T ~ P I ~ P I 2 ~ R A D , L O N F L G ~ Z E f i O  

HEADING 

W R I T E ( 6 , l )  
FORMAT('1ADJUSTED POSITONS'//T43,'LATITUDE',T6O~'LONGITUDE'~T73~ 

*'HEIGHT',T83r'STD.DEV.(METERS)'~Tll4~'GOOGE'/) 
C 
C *%E GET P O S I T I O N S  
C 
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1 2 6 1 .  
1 2 6 2 .  
1 2 6 3 .  
1 2 6 4 .  
1 2 6 5 .  
1 2 6 6 .  
1 2 6 7 .  
1 2 6 8 .  
1 2 5 9 .  
1 2 7 0 .  
1 2 7 1 .  
1 2 7 2 .  
1 2 7 3 .  
1 2 7 4 .  
1 2 7 5 .  
1 2 7 6 .  
1 2 7 7 .  
1 2 7 8 .  
1 2 7 9 .  
1 2 8 0 .  
1 2 8 1 .  
1 2 t 2 .  
1 2 8 3 .  
1 2 8 4 .  
1 2 8 5 .  
1 2 8 6 .  
1 2 8 7 .  
1 2 8 8 .  
1 2 8 9 .  
1 2 9 0 .  
1 2 9 1 .  
1 2 9 2 .  
1 2 9 3 .  
1 2 9 4 .  
1 2 9 5 .  
1 2 9 6 .  
1 2 9 7 .  

1 2 9 9 .  
1 3 0 0 .  
1 3 0 1 .  
1 3 0 2 .  
1 3 0 3 .  
1 5 0 4 .  
1 3 0 5 .  
1 3 0 6 .  
1 3 0 7 .  
1 3 0 8 .  
1 3 0 9 .  
1 3 1 0 .  
1 3 1 1 .  
1 3 1 2 .  
3.313. 
1 3 1 4 .  
1 3 1 5 :  
1 5 1 6 .  

1 2 9 0 .  

1 3 1 7 .  
1 3 1 8 .  
1 3 1 9 .  
1 3 2 0 .  
1 3 2 1 .  
1 3 2 2 .  
1 3 2 3 .  
1 .324.  
1 .325.  
1 3 2 6 .  
1 3 2 7 .  
I. 3 2 8 .  
1 3 2 9 .  
1 3 3 0 .  
1 3 3 1 .  
1 3 3 2 .  
1 3 3 3 .  
1 3 3 4 .  

DO 2 I S T A = l , N S T A  

CALL  
I L I t l K l = I U N S T A (  I S T A ,  1) 
I U N K 2 = I U t l S T A (  I S T A P 2 1  
I U N K 3 = I U N S T A (  I S T A ,  3 )  

C A L L  S E T C U R ( I T A 9 , I S T A )  
GETK EY ( I TAB t NAME 

C 
CALL  GETDMS(A(IU1IK1),IDl ,IM1,S1)  

H = A ( I U I i K 3 )  

S D 1 ~ D S Q R T ~ E L E ~ l ~ I U t ~ K l , I U t I ~ l , F L A G ~ ~ ~ ~ A D I U S ~ A ~ I U l I K l ~  ,ZERO) 
5 D 2 z D S 4 R T  ( EL  EPi( I U NK2,  I UtiK2,  FLAG 1 1 X R A D I  US ( A ( I U I . I K l ) ,  P I2 1 

CALL GETDHSC A ( I U I I K 2  1 t I D 2  t I N 2 ,  S 2 )  

C 

S D 3 = D S Q l ? T ( E L E P l ( I U l l K 3 r I U N K 3 r  FLAG)  1 
C 
C *** L I S T  POSITONS,  P Z E C I S I O N ,  C O N D I T I O N I t l G  
C 

2 GIR I T E ( 6 , 3 1 I S  T A ,  N Arl E, I D 1 8 I M 1 ,  S 1 , I D 2  , I N 2  , 5 2 ,  Ii , S D 1  t SD2, S D3, 
GOOGEC IUI . IK1)  , GOOGEC I U Y K 2 1 ,  GOOGEC I U t I K 3  1 )i 

3 F0RMAT~14,1X,A30,213,F9.5,16,13,F9.5,F10.3,2X,3F6.3,2X, * 3 ( 1 P D 9 . 1 ) )  
C 
C *** P A R M E T E R  HEADING 
C 

C 
C *** L I S T  PARAMETERS, P R E C I S I O N ,  C O N D I T I O N I N G  
C 

l . IR ITE(6  14) 
4 FORMAT( '1ADJUSTED PAFAMETERS' / )  

DO 5 I f?UN= l ,NEUN 
L I R I T E ( 6 , 6  1 I R U N  

6 F O ~ f l A T ~ ' O R U N ~ ' ~ I 3 ~ / T l 4 ~ t V A L U E ' ~ T 2 l ~ ' S T D . ~ E V . ' ~ T 3 2 ~ ' V A L / S I G ' ~  
n T 4 4 ,  'GOOGE'II 
DO 7 1=1,12 
I U H K ~ I U t I P R i l (  I R U N ,  I )  
S I E M A = D S d R T ( E L E M (  I U N K ,  I U t l K , F L A G )  1 

7 ld!? I T E ( 6 ,8  1 I , A ( I U II K 1 , S I  Ci lA  , A ( I U N K 
8 F O R l l A T ( I 3 , 5 X , 2 ( 1 P D 1 O . 2 ~ ~ O P F l O ~ l ~ l P D l O ~ 2 ~  
5 G ! R I l E ( 6 , 9 )  

S I C.r.lA, GO 0 GE ( I il NK 1 

9 F O R F l A T ( ' 0 ' )  
C 
C x H x  P O S I T I O N  S H I F T  H E A D I N G  
C 

P J R I T E ( 6 , l O )  
1 0  FORMAT( '1ADJUSTED P O S I T I O N  SHIFTS'//T47,'LATITUDE1,T6S, * ' L O N G I T U D E ' , T 8 4 , ' ~ Z ~ . ' ~ T 9 O ~ ' H O R I Z . ' , T 9 9 , ' E L E V . ' ~  

x T 1 0 7 , ' T O T ~ L ' / T 4 5 , ' S E C ' , T 5 2 , ' ~ l E T E ~ S ' , T 6 6 , ' S E C ' , T 7 4 ~  * ' l ~ l E T E R S ' , T ~ 5 , ' D E G ' , T 9 O , ' ~ l E T E R S ' , T 9 9 , ' K E T E R ' , T l O 7 , ' ~ l E T E R ' ~ ~  
C 
C E X X  L I S T  P O S I T I O l l  S H I F T S  
6 
8# 

DO 11 I S T A = l , N S T A  
C A L L  SETCUR(ITAB,ISTA) 
CALL GETKEY( ITAi3,NAf. lE) 
S L A T R = S H I F T S ( I U N S T A ( I S T A , 1 ) )  
SLOt!P.=SHIFTS( I U N S T A ( I S T A . 2 ) )  
S i i = S H I F T S ( I U ~ { S T A ( I S T A , 3 ) )  
SLATS=SLATRnRADX3600 .DO 
S L 0 N S S L 0 I! i? R A D g  3 6 0 0 . D 0 

G L O l = A ( I U N S T A ( I S T A . Z ) )  
CALL  G E T K ~ G L k l ~ G L O 1 , G L A 1 ~ S L A T R , G L O l ~ S L O t ~ R ~ S L A T ~ l ~ S L O N ~ l ~  
SLATf12=SLATf l *SLATM 
s LOtll.12 =s  L 0 t l? l% s L O t l P l  
SHFTXY =DCJQRl( SLATK2+SLO! l i l 2  1 
I F (  .NOT. LO! lFLG) SLOI!i~l=-SLOIiI. l 
I F  ( DA 3s ( S L A T H  1 . L E .  1. D - 3 .  OR. DABS ( S L Otlf.1) . L E .  1 . D-3  1 

E L S E  

E N D I F  
S ti F T 0 T D S Q R T ( S L A T 11 2 + S L 0 N i l  2 + S H S H 1 

G L A l = A ( I U M S T A ( I S T A , l )  1 

THEN 
I S H F T Z = O  

I S 11 F T Z = D  A T A t i  2 ( S L 0 Hl.1 , S L A TM 1 X R .I\ D 

11 1JEI TE(  6 , 1 2  1 I STA , NAPIE, SLATS,  SL ATM, SLONS , SLOIIM, I S H F T Z ,  SHFTXY , 
3 SH, SHFTOT 
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1 3 3 5 .  
1 3 3 6 .  
1 3 3 7 .  
1 3 3 8 .  
1 3 3 9 .  
1 3 4 0 .  
1341 .  
1 3 4 2 .  
1 3 4 3 .  
1 3 4 4 .  
1 3 4 5 .  
1 3 4 6 .  
1 3 4 7 .  
1 3 4 8 .  
1 3 4 9 .  
1 3 5 0 .  
1 3 5 1 .  
1 3 5 2 .  
1 3 5 3 .  
1 3 5 4 .  
1 3 5 5 .  
1 3 5 6 .  
1 3 5 7 .  
1 3 5 8 .  
1 3 5 9 .  
1360. 
1 3 6 1 .  
1 3 6 2 .  
1 3 6 3 .  
1 3 6 4 .  
1 3 6 5 .  
1 3 6 6 .  
1 3 6 7 .  
1 3 5 8 .  
1 3 6 9 .  
1 3 5 0 .  
1 3 7 1 .  
1 3 7 2 .  
1 3 7 3 .  
1 3 7 4 .  
1 3 7 5 .  
1 3 5 6 .  
1 3 7 7 .  
1 3 7 8 .  
1 3 7 9 .  
1 3 8 0 .  

1 3 8 2 .  
1 3 8 3 .  
1 3 8 4 .  
1 3 8 5 .  
1 3 8 6 .  
1 3 8 7 .  
1 3 8 8 .  
1 3 8 9 .  
1 3 9 0 .  
1 3 9 1 .  
1 3 9 2 .  
1 3 9 3 .  
1 3 9 4 .  
1 3 9 5 .  
1 3 9 6 .  
1 3 9 7 .  
1 3 9 8 .  
1 3 9 9 .  
1 4 0 0 .  
1 4 0 1 .  
1 4 0 2 .  
1 4 0 3 .  
1 4 0 4 .  
1 4 0 5 .  
1 4 0 6 .  
1 4 0 7 .  
1 4 0 8 .  

mi. 

12 
C 

C c wnn 
C 

C 

C 

C 
c n a n  
C 

C 
c n n n  
C 

C 
c n n n  
C 

1 

C c * n n  
C 

C 
c * n w  
C 

C 
c x * *  
C 

C 
c n n n  
C 

C c n x n  
C 

12 

FORMAT(13,2X,A30,2(F l4 .5 ,F8.3) ,18~3F8.3)  

RETURN 
EEID 
SUBROUTINE GETDMS(VAL, ID, IM,S)  

CONVERT RADIANS TO DEG, M I N ,  SEC 

I I1P L I C  I T REA L % 8 ( A -H , 0 -2 1 
LOGICAL LOt lFLG 
COI11.lON/CONST/P I, P I 2  , RAD, LONFLG, ZERO 

S=DABS(VALaRAD) 
I D = I I ! I t l T  (SI 
S = ( S - I D ) n 6 0 . D O  
I M = I D I N T ( S )  
S = ( S - I ; l ) % 6 0 . D O  
I F  ( I D  . HE. 0 1 THEN 

E L S E I F ( I M . N E . 0 )  THEN 

ELSE 

E N D I F  

RETURN 

I D = I S I G I i (  I D ,  I D I N T ( V A L * R A D )  1 

I f - l = I S I G t ~ ( I i l ,  I D I N T ( V A L * R A D x 6 0  .DO) 1 

S=DSIGN(S,VAL) 

END 
SUBROUTINE RESID(?UO,A,STATS) 

L I S T  ADJUSTED OSSERVATIONS AND RESIDUALS 

I P l P L I C I T  R E A L n 8 (  A-H t 0-2) 
D IMENSION A(1),IUNK~10)~C(10),STATS(l~ 
CHARACTERS32 NAME1 , NAPlE2 

COIlMON/PARMS/ZUPT , NSTA , NRUN , HUNK, I T A B  n NOBS 
COFlilON/COf.(ST/PI , P I 2 ,  RAD, LONFLGpZERO 

LOGICAL LONFLG 

DEFAULT I N I T I A L  RADIUS OF CURVATURE 

R = R A D I U S ( 4 5 . D O , P I 2 )  

HEADING 

G l i Z I T E ( 6 , l )  
F O R M A T ( ' l R E S I D U A L S ' / T 2 4 ~ ' C O ~ ~ P U T E D ' , T 4 2 , ' O B S E R V ~ D ' , T 5 7 , ' V = C - O ' ,  

n T 6 7 , ' V / S D ' / T 5 4 , ' S E C . ' r T 6 O , ' M E T E R ' )  

I N I T I A L I Z E  RESIDUAL S T A T I S T I C S  

CALL R S I N I T ( S T A T S 1  

LOOP OVER THE OBSERVATION EQUATIONS 

REldIND I U O  
DO 1 0 0  IOBS= l ,NOBS 
R E A D ( I U 0 )  K I N D , I U N K , C , O B S O , O B S B ~ S D , T M E A N , S S Q T , L E N G  

GET COMPUTED OBSERVATION 

C A L L F 0 R 1.1 C ( K I ti D , C , I U N K , A , T I.1 E A N , S S Q T 1 
CALL COFiPOB ( K I N D ,  OBSO , I U H K ,  A, TMEAN, SSQT 1 

RESIDUAL=COMPUTED-08SERVED 

VZOBSO-OBSB 
V S  D=V/SD 

L I S T  THE RESIDUAL 

I F ( K 1  tlD. GE. 1. AND. K I H D .  L E .  1 2 )  THEN 
CALL I N V I U N ( I U N K ( l ) ,  I C U M l , I R U N , I D U r i 2 )  
L4R I T E ( 6 s 12 1 I OB S I RUH * OBS 0 s 0 B S B 3 V V S  D 
F 0 %PIA T ( 1 X , I 5 , I 3 , ' P F. f?M . I, 2 E 2 0 . 1 0 ,  E 2 0 . 3 ,  F 1 0 . 1 )  
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1 4 0 9 .  
1 4 1 0 .  
1 4 1 1 .  
1 4 1 2 .  
1 4 1 3 .  
1 4 1 4 .  
1 4 1 5 .  
1 4 1 6 .  
1 4 1 7 .  
1 4 1 8 .  
1 4 1 9 .  
1 4 2 0 .  
1 4 2 1 .  
1 4 2 2 .  
1 4 2 3 .  
1 4 2 4 .  
1 4 2 5 .  
1 4 2 6 .  
1 4 2 7 .  
1 4 2 8 .  
1 4 2 9 .  
1 4 3 0 .  
1 4 3 1 .  
1432 .  
1 4 3 3 .  
1 4 3 4 .  
1 4 3 5 .  
1 4 3 6 .  
1 4 3 7 .  
1 4 3 8 .  
1 4 3 9 .  
1 4 4 0 .  
1 4 4 1 .  
1 4 4 2 .  
1 4 4 3 .  
1 4 4 4 .  
1 4 4 5 .  
1 4 4 6 .  
1 4 4 7 .  
1 4 4 8 .  
1 4 4 9 .  
1 4 5 0 .  
1 4 5 1 .  
1 4 5 2 .  
1 4 5 3 .  
1 4 5 4 .  
1 4 5 5 .  
1 4 5 6 .  
1 4 5 7 .  
1 4 5 8 .  
1 4 5 9 .  
1 4 6 0 .  
1 4 6 1 .  
1 4 6 2 .  
1 4 6 3 .  
1 .464.  
1 4 6 5 .  
1 4 6 6 .  
1 4 6 7 .  
1 4 6 8 .  
1 4 5 9 .  
1 4 7 0 .  
1 4 7 1 .  
1 4 7 2 .  
1 4 7 3 .  
1 4 7 4 .  
1 4 7 5 .  
1 4 7 6 .  
1 4 7 7 .  
1 4 7 8 .  
1 4 7 9 .  
1 4 8 0 .  
1 4 8 1 .  
1 4 8 2 .  

E L S E I F ( K I N D . E Q . 1 3 )  THEN 

VSEC=V*RAD*3600.DO 
R=RADIUS(OBSB,ZERO) 

VMET=V*R 
CALL  G E T D M S ( O B S O , I D 1 ~ I M 1 , S l ~  
CALL GETDMS(OBSB,ID2,II.l2,S2) 
CALL G E T N A M ( I U N K ( l ) , N A M E l )  

W R I T E ( 6 , 1 3 )  I O B S , I D 1 ~ I M 1 ~ S 1 ~ I D 2 ~ I ~ Z ~ S 2 , V S E C , V ~ E T ~ V S D ~ N A M E l  
I RU t i =  0 

13 FORMAT( 'O ' , I 4 , '  LAT .  ' ,14 ,13 ,F9-5 ,15 ,13 ,F9.5 ,F8.5 ,F7.3 ,  * F5.1,1X,ASO) 
E L S E I F ( K I N D . E Q . 1 4 )  THEN 

VSEC=V*RADx3600.D0 
VMET=VXR 
CALL G E T D M S ( O B S O , I D l , I M 1 ~ S l ~  

IRUNZO 

CALL GETDMS(OBSB,ID2, IM2,S2)  
CALL G E T N A M ( I U N K ( l ) , N A M E l I  

G IR ITE(6 ,14 )  I O B S , I D 1 ~ I M l ~ S 1 ~ I D 2 , I H 2 , S 2 ~ V S ~ E C ~ V P l E T ~ V S D ~ N A ~ E I  
1 4  FORMAT( I5 ,  ' LON. ' ,14 ,13 ,F9.5 ,15 ,13 ,F9.5 ,F8.5 ,F7.3 ,  * F5 .1 ,1X ,A30)  

E L S E I F ( K I N D . E Q . 1 5 )  THEN 
CALL GETNAM( IUNK(11 ,NAMEl )  

W R I T E ( 6 , 1 5 )  IOBS,OBSO,OBSB,V,VSD,NAPlEl 
I R U N = O  

15 F O R M A T ( I 5 r '  HT.  ',F16.3rF17.3rF15.3,F5.l~lX,A301 
I E L S E I F ( K I N D . E Q . 1 6 )  THEN 

VSEC=V*RADx3600.D0 
R=RADIUS((A(IUNK(l))+A(IUNK(2)))/2.DO~ZERO) 

CALL G E T D M S ( O B S O , I D 1 ~ I M 1 ~ S l ~  
CALL GETDMS(OBSB, I D 2  , IH2r  S 2 )  
CALL GETNAPl( I U t i K (  1) ,NAME1 1 
CALL GETt4AMC I U N K ( 2 1 ,  NAME21 
CALL I N V I U N ( I U N K ( 8 ) ~ I D U M 1 , I R U N ~ I D U M 2 )  
W R I T E ( 6 , 1 6 )  I O B S ~ I R U N ~ I D 1 , I f l l , S 1 , I D 2 ~ I M 2 ~ S 2 ~ V S E C ~ V M E T ~ V S D ~ N A M E l ~  

VMET=V*R 

* NAME2 
1 6  FORMAT('.O',I4,13, '  DEL L A T . ' , I 4 , 1 3 , F 9 . 5 , 1 5 , 1 3 , F 9 . 5 , F 8 . 5 , F 7 . 3 r  ' *  F 5 . 1 , 2 ( 1 X , A 3 0 ) )  

E L S E I F (  K I N D .  EQ. 1 7  1 THEN 
VSEC=VnRAD%36OO.D0 
R = R A D I U S ( ( A ( I U N K ( l ) ) + A ( I U N K ( 2 ) ) ) / 2 . D O , P I 2 )  

CALL G E T D M S ( O B S O ~ I D 1 , I M l ~ S l ~  

CALL GETb!P.M(IUtIK(l) ,NATlEl )  
CALL G E T N h l l ( I U ~ I K ( 2 ) , N A M E 2 )  

W R I T E ( 6 , 1 7 )  I O B S ~ I R U N , I D 1 , I M 1 , S 1 ~ I D 2 ~ 1 ~ 1 2 ~ S 2 ~ V S E C ~ V N E T ~ V S D ~ N A M E l ~  

VMET=Vxf? 

CALL GETDMS(OBSB,ID2, IM2,S2)  

CALL I N V I U N  ( I U N K  ( 8 1,  IDUI.11, IRUN, I D U i l 2  1 

* NAI lE2 
1 7  FORMAT( I5 ,13 , '  DEL LON.',I4',13,F9.5,15,13,F9.5,F8.5,F7.3, * F 5 . 1 , 2 ( 1 X , A 3 0 ) )  

18 

C c * n x  
C 

1 0 0  
C c * *x  
C 

C 

C 
c * E X  

ELSE 
CALL GETNAMC I U H K ( 1 1  ,NA i lE11  

CALL I t l V I U N ( I U N K ( 8 ) ,  I D U f l l r I R U N , I D U 1 1 2 )  
la!? I T  E ( 5 , 18 1 
F O E I I A T ( I 5 , 1 3 , '  DEL HT. ' ~ F 1 6 . 3 , F 1 7 . 3 , F 1 5 . 3 ~ F 5 . 1 , 2 ( 1 X , A 3 0 1 )  

C A L L GET NAP1 ( I U t i K  ( 2 1 , NAi iE2  1 

I O  B S , I RU t4 p OB S 0 p 0 B SB , V , V S D , N A M E l  1 tlAPlE2 

E N D I F  

ACCUMULATE RESIDUAL S T A T I S T I C S  

CALL RSTAT(V,VSD,R,IOBS,KIND,IRUN,STATS) 
CONTINUE 

L I S T  RESIDUAL S T A T I S T I C S  

CALL RSOUT(STATS1 

RETURN 
EtID 
SUBEOUTINE GETNAMC IUI4K,NAME) 

GET NArlE FOE AN UNKNOHN I N D E X  NUMBER 
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1483 .  
1484 .  
1485 .  
1486 .  
1487.  
1 4 8 8 .  
1489 .  
1490 .  
1491.  
1492 .  
1 4 9 3 .  
1494.  
1495 .  
1496 .  
1 4 9 7 .  
1498 .  
1 4 9 9 .  
1500 .  
1501 .  
1502 .  
1503 .  
1504 .  
1505 .  
1506.  
1507 .  
1508.  
1509 .  
1510 .  
1511 .  
1512 .  
1513 .  
1514 .  
1515 .  
1 5 1 6 .  
1517 .  
1518 .  
1 5 1 9 .  
1 5 2 0 .  
1521 .  
1522 .  
1523 .  
1 5 2 4 .  
1525 .  
1526 .  
1527 .  
1528 .  
1529 .  
1530 .  
1531 .  
1 5 3 2 .  
1 5 3 3 .  
1534 .  
1535 .  
1 5 3 6 .  
1 5 3 7 .  
1538 .  
1 5 3 9 .  
1540 .  
1541 .  
1 5 4 2 .  
1 5 4 3 .  
1 5 4 4 .  
1545.  
1 5 4 6 .  
1547. 
1548 .  
1 5 4 9 .  
1550 .  
1551 .  
1552 .  
1 5 5 3 .  
1554 .  
1555 .  
1 5 5 6 .  

I M P L I C I T  REALE8(A-H,O-Z) 

COMMON/PARMS/ZUPT,NSTA~NI?UN~NUNK,ITAB~NOBS 
C H A I? A CT ERE 3 2 NAN E 

C A L L  INVIUNC IUNK, ICODE, I 
IF(ICODE.NE.0)  THEN 

WRITE(6 , l )  IUNK 
1 FORrlAT('O1LLEGAL VALUE 

CALL FERR 
ELSE 

CALL SETCUR(ITAB,I)  
CALL GETKEY(ITAB,NAME) 

ENDIF. 

RETURN 
END 
SUBROUTINE RSINIT(STATS1 

, J )  

I N  GETNAM',I5) 

C *E* I N I T I A L I Z E  RESIDUAL STATISTICS 
C 

C 

C 

C 

C 

C 

C 

C 

C 
C 
C 

I M P L I C I T  REAL*8(A-H,O-Z) 
DIMEHSION STATS(1) 

DO 1 I = 1 , 2 0  
VSD20(I)=O.DO 

NSTATS=12*NRUN 

1 1 2 0 ( 1 ) = 0  

DO 2 I= l ,NSTATS 
2 STATSCI )=O.DO 

NO=O 
N1=0 
N2=0 

N4=O 

VNAX=-l.D100 

N3=0 

VMIN=l.D100 
VSDPlAX=-l. D l O O  
VSDMIN=l.DlOO 
VSUI l=O.  DO 
VSDSUM=O.DO 

VSD21=O.DO 
VSD2'2=0. DO 
VSD23=O.DO 
VSD24ZO.DO 

VABSl=O.DO 
VABS2=O.DO 
VABS3=O.DO 
VABS4zO.DO 

RETURN 
EHD 
SUBROUTINE R S T A T ( V , V S D , R , I O B S , K I N D , I R U N , S T A T S )  

E** ACCUMULATE EESIDUAL STATISTICS 

I N P L I C I T  REAL*8(A-H,O-Z) 

COMPlON/RESTAT/VSD20 ( 2 0  1 p I 2 0 ( 2 0  1 ,  NO, N l r N 2 1  N3rH4 , VMAX, VMIN, 
DIMENS1011 S T A T S (  1) 

* V S D ~ I A X , V S D M I N , V S U M , V S D S U M , V S D 2 l r V S D 2 2 , V S ~ 2 3 , V S D 2 4 D V A B S l , V A B S 2 ,  * VABS3nVABS4 
C 
C ACCUMULATE NO-CHECK 
C 

I F (  V . EQ . 0 . DO. 1 NO=HO+l 
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1 5 5 7 .  
1 5 5 8 .  
1 5 5 9 .  
1 5 6 0 .  
1 5 6 1 .  
1 5 6 2 .  
1 5 6 3 .  
1 5 6 4 .  
1 5 6 5 .  
1 5 6 6 .  
1 5 6 7 .  
1 5 0 8 .  
1 5 6 9 .  
1 5 7 0 .  
1 5 7 1 .  
1 5 7 2 .  

, 1 5 7 3 .  
1 5 7 4 .  
1 5 7 5 .  
1 5 7 6 .  
1 5 7 7 .  
1 5 7 8 .  
1 5 7 9 .  
1 5 8 0 .  
1 5 8 1 .  
1 5 8 2 .  
1 5 8 3 .  
158Ct.  
1 5 8 5 .  
1 5 8 6 .  
1587 .  
1588. 

1590. 
1589. 
1 5 9 1 .  
1 5 3 2 .  
i 5 9 3 .  
1 5 9 4 .  
1 5 9 5 .  
1 5 9 6 .  
1 5 9 7 .  
1 5 9 8 .  
1 5 9 9 .  
1 6 0 0 .  
1 6 0 1 .  
1 6 0 2 .  

1 5 0 4 .  
1 6 0 5 .  
1 6 0 6 .  
1 6 0 7 .  
1 6 0 8 .  
1 5 0 9 .  
1 6 1 0 .  
1 6 1 1 .  
1 6 1 2 .  
1 6 1 3 .  
1 6 1 4 .  
1 6 1 5 .  

1 6 0 3 .  

1 6 1 6 .  
1 6 1 7 .  
1 6 1 8 .  
1 6 1 9 .  
1 6 2 0 .  

c 
c nnn ACCUMULATE EXTRE!IA ' 

C 
IF(v:GT.vMAX) VIIAX=V 

I F ( V .  L T .  V M I N )  V I l I N = V  
I F ( V S D . G T . V S D M A X )  VSDMAX=VSD 

I F ( V S D . L T . V S D M I N )  VSDMIN=V 
C 
C * x *  ACCUMULATE SUM 
C 

V A B S=Dk B S ( V 1 
VSD2=VSD*VSD 
V S U i,l= V S U F1 t V 
V S DS Ut1 = V S DS UP1 + V S D 

C 
C * x *  ACCUMULATE B Y  K I N D  
C 

CALL  A D S T A T ( K I N D , I R U N , S T A T S , V S D Z , V A B S , R )  
I F ( K I N D . E Q . 1 6 )  THEN 

N 1 =N1+ 1 
V A B S l = V A D S l + V A B S S R  
VSD21=VSD21+VSD2 

E L S E I F ( K I N D . E Q . 1 7 )  THEN 
N 2 =I{ 2 t 1 
V A 6 S 2 = V b, B S 2 t V A B S rc R 
VSD2?=VSD?? tVSD2 

E L S E I F ( K I N D . E Q . 1 8 )  THEN 
N 3=l13 t 1 
VADS3=VABS3+VABS 
V S D 2 3 = V S D 2 3 t V S D 2  

E L S E  
t i f tZN4 + 1 
V A B S 4 V A B S 4 + V f, B S 
V S D2 4 V S D2 4 t V S D2 

E N D I F  
C 
C W W W  ACCUPlULATE 2 0  LARGEST 
C 

C 
C A L L  ACUM20(IODS,VSD) 

RETURH 
EIlD 
SLIBROUTINE A D S T A T ( K I N D , I R U N , S T A T S ~ V S D 2 , V A D S , R )  

C 
C *** ACCU2ULATE S T A T I S T I C S  BY RUN 
C 

C 
C * * %  DO HOT PROCESS P O S I T I O N  COfISTRAINTS 
C 

I i l P L  I C 1  T R E A L g 8  ( A-H, 0-2) 
D I F l E f i S I O N  S T A T S ( 1 )  

I F ( I R I ? f i  
N = (  I E  
I F ( K 1  

STA 
S T A  
STA 

E L S E 1  
STA 

E l i  

T t lE t I  
TATS ( 14 + 1 1 + 4  . DO 
T AT S ( H + 2 1 + V A 3 S X R 
TATS(  N + 3 ) + V S D 2  
. 1 7 )  THEN 

STATSC N + 5 ) = S T ~ T S ( N + S ) t V A D S ~ R  
S T A T S ( N + 6 ) = S T A T S ( N + 6 ) + V S D 2  

E L S E I F ( X I H D . E Q . 1 E )  THEH 
S 'I AT S ( H + 7 1 =STAT S ( N + 7 1 + 1 . D 0 
S TATS ( N +8 1 =STAT S ( ti + 8  1 + V A B S 

1 6 2 1 .  S T I I T S ( N + ~ ) = S T A T S ( N + ~ ) + V S D ~  
1 6 2 2 .  ,ELSE 

1 6 2 4 .  S T A T S ( t l t 1 1  ) = S T A T S ( t i + l l  ) t v A a S  
1 5 2 5 .  STATS(N+12)=STATS(N+l2)tVSD? 
1 6 2 6 .  E N D I F  
1 6 2 7 .  E N D I F  
1 6 2 s .  C 
1 6 2 9 .  RETURN 
1 6 3 0 .  END 

1 6 2 3 .  S T A T S ~ N + 1 9 ~ = S T A T S ~ N t l @ ~ t l . ~ o  
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1631 ’ .  
1 6 3 2 .  
1 6 3 3 .  
1 6 3 6 .  
1 6 3 5 .  
1 6 3 6 .  
1 6 3 7 .  
1638. 
1 6 3 9 .  
1 6 4 0 .  
1 6 4 1 .  
1 6 4 2 .  
1 6 4 3 .  
1 6 4 4 .  
1 6 4 5 .  
1 6 4 6 .  
1 6 4 7 .  
1 6 4 8 ,  
1 6 4 9 .  
1 6 5 0 .  
1 6 5 1 .  
1 6 5 2 .  
l f 5 3 .  
1 6 5 4 .  
1 6 5 5 .  
1 6 5 6 .  
1 6 5 7 .  
1 6 5 8 .  
1 6 5 9 .  
1 6 6 0 .  
1 6 6 1 .  
1 6 6 2 .  
1 6 6 3 .  
1 6 6 4 .  
1 6 6 5 .  
1 6 6 5 .  
1 6 6 7 .  
1 6 6 8 .  
1 6 6 9 .  
1 6 7 0 .  
1 6 ? l .  
1 6 7 2 .  
1 6 7 3 .  
1 6 7 4 .  
1 6 7 5 .  
1 6 7 6 .  
1 6 7 7 .  
1 6 7 8 .  
1 6 7 9 .  
1 6 8 0 .  
1 6 8 1 .  
1 5 8 2 .  
1 6 8 3 .  
1 6 8 4 .  
1 6 8 5 .  
1 6 8 6 .  
1 6 8 7 .  
1 6 8 8 .  
1 6 G 9 .  
1 6 9 3 .  
1 6 9 1 .  
1 6 9 2 .  
1 6 9 3 .  
1 6 9 4 .  
1 6 9 5 .  
1 6 9 6 .  
1 6 9 7 .  
1 6 9 8 .  
i 6 3 9 .  
1 7 0 3 .  
1 7 0 1 .  
1 7 0 2 .  
1 7 0 3 .  
1 7 0 4 .  
1 7 0 5 .  

SUBROUTINE ACUf12O(IOBS,VSD) 
C 
C lclclc ACCUMULATE A LARGE RESIDUAL 
C 

I M P L I C I T  REALgE(A-H ,O-Z)  
C O l r i i O N / F Z E S T A T / V S D 2 0 ~ 2 O ~ , I 2 0 ~ 2 0 ~ ~ N O ~ N 1 ~ N 2 ~ N 3 ~ I J l t ~ V T I A X ~ V M I N ~  * VSDilAX,VSDMIN,VSUP1,VSDSUM,VSD2lrVSD22,VSD23,VSD24,VC.BS1,VABS2, 

X VABS3,VAaS4 
C 
c * x *  
C 

C 
c * * w  
C 

C 
c *n* 
C 

C 

C 
c * * *  
C 

DEAL 0 N L Y . l . I I T H  ABSOLUTE VALUES .GT.  SMALLEST 

V=DABS(VSD)  
I F ( V . L E . V S D P O ( 2 0 ) )  RETURN 

P O I N T  TO NEW ARRAY LOCATION 

I P = I P O I N T ( V )  

S H I F T  ARRAY CONTENTS AND LOAD AKRAYS 

C A L L  V S H I F T  ( I P  t I O B S  , V 1 

RETURN 
EHD 
INTEGER FUNCTION I P O I N T (  V 1 

LOCATE NEbJ P O S I T O N  I N  THE MAX V AREAY 

I I P L  IC I T REAL *8 ( A -H , 0-2 1 
COi~1:!OI. I / f?ESTAT/VSD20(20 1 ,  I 2 0 ( 2 0  1 n NO ,N1, N2,  t43sN4, VZAX,hi’IIN, * VSDilAX,VSDilIN~V~UM,VSDSUI.I,VSD21,VSD22,VSD23,VSD24,V/!BSl,VADS2, 

3 VABS3,VABS4 
C 
C ***  F I N D  NEW P O S I T I O t i  (CHECK MAX VALUES F I R S T )  
C 

DO 1 I=1,20 
I P O I N T Z I  
I F ( V . G T . V S D 2 0 ( 1 ) )  RETURN 

1 CONTIHUE 
C 
C f * *  F A L L  THEU LOOP--NOT A MAXIMAL R E S I D U A L  .. L 

I P O I N T = 2 1  
C n 

RETURN 
Et iD 
SUBROUTINE V S t I I F T ( I P , I O B S , V )  

C 
C * W *  S H I F T  ARRAY CONTENTS AND LOAD ARKAYS 
C 

I f l P L I C I T  R E A L s 8 ( A - H , O - Z )  
C O i i ! l O t I / R E C J T A T / V S D 2 0 ( 2 0  ) , I 2 C ( 2 0  1 , 1 1 0 ,  N l ,  N2,N3,FI4 ,V;lAX, VPlIN, 

f V S C t I , ~ X , V S C ! ~ I I N , V S l J i I , V S D S U ~ l ,  V S D 2 1  ,VSD22 , V S D 2 3 , V S D 2 4 , V X B S l  ,VA9S2 ,  
;r VABS3,  VADS‘t 

C 

C 

C 
C * f *  S H I F T  AFRAY COt iTEt lTS 
C 

c K H X  P R O T E C T  AGAINST ILLEGAL V A L U E S  

I F ( I P . L E . O . O R . I P . G E . 2 1 )  RETURN 

I F (  I P .  L T  . 2 0  1 THE:( 

E N D I F  
C 
C W W f  LOAD THE S H I F T E D  AREAY 
C 

V S D ? O ( I P ) = V  
I~O(IP)=IO~S 

C 
RETUPH 
Et1 D 
SUBROUTIHE RSOUT(S1  
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1 7 0 6 .  
1 7 0 7 .  
1 7 0 8 .  
1 7 0 9 .  
1 7 1 0 .  
1 7 1 1 .  
1 7 1 2 .  
1 7 1 3 .  
1 7 1 4 .  
1 7 1 5 .  
1 7 1 6 .  
1 7 1 7 .  
1 7 1 8 .  
1 7 1 9 .  
1 7 2 0 .  
1 7 2 1 .  
1 7 2 2 .  
1 7 2 3 .  
1 7 2 4 .  
1 7 2 5 .  
1 7 2 6 .  
1727 .  
1 7 2 8 .  
1 7 2 9 .  
1 7 3 0 .  
1 7 3 1 .  
1 7 3 2 .  
1 7 3 3 .  
1 7 3 4 .  
1 7 3 5 .  
1 7 3 6 .  
1 7 3 7 .  
1 7 3 8 .  
1 7 3 9 .  
1 7 4 0 .  
1 7 4 1 .  
1 7 4 2 .  
1 7 4 3 .  
1 7 4 4 .  
1 7 4 5 .  
1 7 4 6 .  
1 7 4 7 .  
1 7 4 8 .  
1 7 4 9 .  
1 7 5 0 .  
1 7 3 1 .  
1 7 5 2 .  
1 7 5 3 .  
1 7 5 4 .  
1 7 5 5 .  
1 7 5 6 .  
1 7 5 7 .  
1 7 5 8 .  
1 7 5 9 .  
1 7 6 0 .  
1 7 6 1 .  
1 7 6 2 .  
1 7 6 3 .  
1 7 6 4 .  
1 7 6 5 .  
1 7 6 6 .  
1 7 6 7 .  
1 7 6 8 .  
1 7 6 9 .  
1 7 7 0 .  
1 7 7 1 .  
1 7 7 2 .  
1 7 7 3 .  
1 7 7 4 .  
1 7 7 5 .  
1 7 7 6 .  
1 7 7 7 .  
1 7 7 8 .  
1 7 7 9 .  

C 
c *n 
C 

in L I S T  RESIDUAL S T A T I S T I C S  

I M P L I C I T  REALx8(A-H,O-Z)  

COflPlON/PAFMS/ZUPT, NSTA, NRUN 

V S DPl AX , V SDPI I N , V SUM , V S DSUM , 

DIMEt IS IOH S ( 1) 

COMNON/RESTAT/VSD20(2O~,IZO 
X * VABS3nVABS4 

,NUNK,ITAB 
( 2 0 ) , N O , N 1  
VSD21,VSDP 

, tlOBS 

.2,VSD2 
t N 2  t N3 , N4,  VMAX, 

3 , VSD24 , V 
V M I N  
' A D S 1  

# 

, VABS2, 

C 
c ***  
C 

C 

C 

C 
c ***  
C 

1 
C 
c N X H  
C 

COMPLETE COMPUTATION OF STATS 

N = N l + N 2 + N 3 + N 4  
VSD2=VSD21tVSD22tVSD23+VSD24 
VM EA t i  V S U Pl/ N 
VS DMN = V  SDSUPVN 

RMSV=DSQRT(VSDP/N) 
RPIS V 1 = D S Q R T ( V S D2 11 N 1 1 
RMSV2=DSQRT(VSD22/N2)  
RMSV3=DSQRT ( V S  l ?23 / l l 3  1 
RMSV4=DSQRT(VSD24/N4) 

A B S V l = V A B S l / N l  
ABS V 2 = V A  B S2/112 
ABSV3=VABS3/N3 
ABSV4=VAaS4/N4 

HEAD I t i  G 

W R I T E ( 6 , l )  
FORMAT( '1RESIDUAL S T A T I S T I C S ' / )  

MAXIMUH RESIDUALS 

W R I T E ( 6 p 2 )  . 
2 FORPIAT( ' OBSERVATIOH NUrIBERS OF 2 0  GREATEST QUASI-NORMALIZED'  , * I F E S I D U A L S  ( V / S D ) ' )  

l ? lR ITE(6 ,3 )  I 2 0  
3 F O R I A T ( 1 X ~ P O I 6 / / 1  

C 
C * X *  EXTREMA I 

C 
CJRITE(6 , 4 1 N, NO , VMAX, VSDMAX, V I l I N ,  VSDMIN, VMEAN, VSDMH 

4 FORMAT(' T O T A L = ' , I 5 , T 2 2 , ' N O - C W E C K = ' , I 3 /  
X ' NAX V = ' , l P D 9 . l , T 2 2 , ' M A X  V /SD= ' ,OPF7 .3 /  
* .  tIiN V = '  , 1 P D 9 . 1  ,T22 ,  ' M I N  V/SD=' ,  O P F 7 . 3 1  * ' PIEAN V= ' , lPD9 .1 ,T21 , 'MEAN V/SD=' ,OPF7.3/ / / )  

C 
C X * X  STATS 
C 

W R I T E ( 6 , 5 )  Nl ,VSD21,RFISVl ,ABSVl ,  * N2,VSD22,R~lSV2,ABSV2, 

3t N4,VSD24,EMSV4,ADSV4, * N ,  VSDZ, RPlSV 

n T32,'VTPVf,T39,'RES1DUAL'/ 
x ' DELTA LAT',I6,Fl0.1,F9.2,Fll.3,' (METERS) ' /  * * DELTA LOEl' 9 I 6  iF lO.1 .  F 9 . 2 ,  F 1 1 . 3 ,  ' ( I l E T E R S ) ' /  * ' DELTA li' t 1 6 ,  F 1 0 . 1  , F 9 . 2 ,  F 1 1 . 3 ,  * (METERS) ' 1  * * I T O T A L ' , 1 6 , F l O . l , F 9 . 2 / / )  

* N3, VSD2 3, RPiSV 3 ,  ABSV3, 

5 F O R M A T ( T 1 6 , ' N ' , T 2 3 , ' V T P V ' , T 3 3 , ' R P l S ' , T 3 9 , ' M E A t l  ABS' /  

1 OTHER' 8 1 6 ,  F 1 0 . 1 ,  F 9 . 2 ,  F11.31 

C 
C * n x  RUN STATS 
C 

b l R I T E ( 6 , 6 )  
6 F U R M A T ~ T 1 O ~ ' L A T I T U D E ' ~ T 4 O ~ ' L O t ~ G ~ T U D E ' ~ T 7 O ~ ' H E I G H T ' ~ T l O O ~ ' O T H E R ' /  * ' R U N ' , T 9 , ' N ' , T 1 3 , ' V T P ~ ' , T 2 l , ' R f l S ' , T 2 7 , ' M E ~ N ' ,  * 

x 
T 3 9 ,  'N' pT43, ' V T P V '  , T 5 L  ' R M S '  , T 5 7  , 'PIEAH' t 
T6 9 , I N ' ,  T73 ,  ' V T P V '  9 T 8 1  , ' R r l S  ' , T 8 7  'MEAN' , * T 9 9 , ' N f , T 1 O 3 , ' V T P V '  , T l l l ~ ' R i l S ' , T 1 1 7 , ' M E A N * /  * T2O, 'VTPV1,T28 , 'V ' ,  * T 5 0 , ' V T P V ' , T 5 8 , ' V V s  
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1 7 8 0 .  
1 7 8 1 .  
1 7 8 2 .  
1 7 8 3 .  
1 7 8 4 .  
1785. 
1 7 8 6 .  
1787. 
1 7 8 8 .  
1 7 8 9 .  
1 7 9 0 .  
1 7 9 1 .  
1 7 9 2 .  
1 7 9 3 .  
1 7 9 4 .  
1 7  9 5 .  
1 7 9 6 .  
1 7 9 7 .  
1 7 9 8 .  
1 7 9 9 .  
1 8 0 0 .  
1 8 0 1 .  
1 8 0 2 .  
1 8 0 3 .  
1 8 0 4 .  
1 8 0 5 .  
1 8 0 6 .  
1 8 0 7 .  
1 8 0 8 .  
1 8 0 9 .  
1 8 1 0 .  
1811. 
1812. 
1 8 1 3 .  
1 8 1 4 .  
1 8 1 5 .  
1 8 1 6 .  
1 8 1 7 .  
1818. 
1 8 1 9 .  
1 8 2 0 .  
1 8 2 1 .  
1822.  
1 8 2 3 .  
1 8 2 4 .  
1825. 
1 8 2 6 .  
1 8 2 7 .  
1 8 2 8 .  
1 8 2 9 .  
1 8 3 0 .  
1 8 3 1 .  
1 8 3 2 .  
1 8 3 3 .  
183t1.  
1 8 3 5 .  
1 8 3 6 .  
1 8 3 7 .  
1 8 3 8 .  
1 8 3 9 .  
1 8 4 0 .  
1 8 4 1 .  
1 8 4 2 .  
1 8 4 3 .  
1 8 4 4 .  
1 8 4 5 .  
1 8 4 6 .  
1 8 4 7 .  
1 3 4 8 .  
1 8 4 9 .  
1 8 5 0 .  
1 8 5 1 .  
1 8 5 2 .  
1 8 5 3 .  
1 8 5 4 .  

* * 
DO 7 I = l , N R U N  
J=( I -1 )#12 
N l = D A B S ( . S ( J + l ) )  
N2=DADS(S(J+4)) 
N 3 = D A B S ( S ( J t 7 ) )  
M = D A B S ( S ( J t l O ) )  

7 W R I T E ( 6 . 8 )  I , N l , S ( J + 3 ) , . D S Q R T ( S ( J + 3 ) / N l ) r S ( J + 2 ) / N 1 ,  * N 2 , S ( J + 6 ) , D S Q R T ( S ( J + 6 ) / N 2 ) . S ( J + 5 ) / N 2 ,  
w N 3 , S ( J + 9 ) , D S Q R T ( S ( J + 9 ) / t l 3 ) , S ( J + 8 ) / N 3 ,  * N4,S(J+12),DSQRT(S(J+l2)/N4),S(J+ll)/N4 

8 FORMAT(I4,4(15,F7.1,F7.2~F7.3~4X)) 
C 

RETURN 
END 
SUBROUTINE ACCUR(A,SHIFTS,SIGUWT,SUNPVV,IDOF~VARUWT) 

1 
L 
C ***  COMPUTE AND L I S T  ACCURACIES 
C 

I M P L I C I T  REAL*8(A-H,O-Z)  
INTEGER S E E K I S I Z E  

CWARACTERx32 NAMEl  ,NAME2 
CHARACTER*SO CARD 

CHARACTERnl  CC1 
LOGICAL GETCRD 
DIMENSION A ( l ) , S H I F T S ( l )  
C O M M O N / P A R M S / Z U P T , N S T A ~ N R U N ~ N U N K ~ I T A B ~ N O B S  

C 
C * E *  HEADING 
C 

W R I T E ( 6 , l )  
1 F O R M A T ( ' 1 E L L I P S O I D A L  LENGTH R E L A T I V E  ACCURACIES', * 3 X . ' ( U S I N G  A - P R I O R I  W E I G H T S ) ' / )  

C 
C *wH LOOP OVER ALL  CARDS FOR ACCURACIES 
C 

1 0 0  IF (GETCRD(CARD,CCl ) )  THEN 
I F ( C C l . E Q . ' Q ' )  THEN 

t 8  

*** I N S U R E  BOTH ENDS POSTIONED 
C 

NAMEl=SUBSTR(CARD,7,30)  
NAME2=SUBSTR(CAl?D, 3 7 , 3 0 1  

J=SEEK(ITAB,NAME2) . 

I F  ( I. LE.  MAX. AND. J . L E .  PlAX) THEN 

I = S E E K (  I T A B  s N A M E l  1 

M A X = S I Z E ( I T A B )  

CALL R E L A C C ( A , S H I F T S , I , J , D S T , S I G D S T , I R , D E L T A , I R 2 )  
GJI? I T E ( 6 ,2  1 NAME 1 , N AME2 t DS T , S I  GDS T , I Ti , I R /  2 p I R/ 3 9 DEL T A p I R 2  

2 F O R M A T ( l X , 2 ( A 3 0 , l X ) , ' S = ' , F 7 . 0 , '  S I G M A = ' , F 5 . 3 ,  
w L E H G . R E L . A C C U R A C Y = 1 : ' , 2 ( 1 8 ' , ' / ' ~ , 1 8 /  

n . ' LENG.REL.ACCURACY=l:',f8/) 
w T68 , ' LENGTH S H I F T = ' , F 5 . 3 ,  

E N D I F  
E N D I F  
GO TO 1 0 0  

END1 F 
C 
C X % *  P R I N T  VARIANCE OF U N I T  G!EIGHT 
C 

bl R I T E ( 6 s 3 1 I D 0 F p S U M P V V . S I G Uld T , V A I? U W T 
3 FORIlAT( 'ODEGREES OF FREEDOM = I ,  1 5 1  

w ' VARIANCE Sur4 = I ,  F 9 . 1 1  * ' STD.DEV.OF U N I T  WEIGHT = ' , F 7 . 2 /  * ' VARIANCE OF U N I T  WEIGHT = ' ,F7 .2 )  
c 

C 
c *** 
C 

RETURN 
EtlD 

COMPUTE R E L A T I V E  ACCURACIES O N  SPHERE 

SUBROUTINE R E L A C C ( A s S H I F T S , I , J , D S T , S I G D S T , I R , D E I I A , I R 2 )  

I M P L I C I T  REAL%8(A-H,O-Z)  
LOGICAL FLAGPLONFLG 
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1 8 5 5 .  
1 8 5 6 .  
1 8 5 7 .  
1 8 5 8 .  
1 8 5 9 .  
1 8 6 0 .  
1 8 6 1 .  
1 8 6 2 .  
1 8 6 3 .  
1 8 6 4 .  
1 8 6 5 .  
1 8 6 6 .  
1 8 6 7 .  
1 8 6 8 .  
1 8 6 9 .  
1 8 7 0 .  
1 8 7 1 .  
1 8 7 2 .  
1 8 7 3 .  
1 8 7 4 .  
1 8 7 5 .  
1 8 7 6 .  
1877 .  
1878, 
1 8 7 9 .  
1880. 
1881. 
1 8 8 2 .  
1 8 8 3 .  
1 8 8 4 .  
1885 .  
1 8 8 6 .  
1 8 8 7 .  
1 8 8 8 .  
1 8 8 9 .  
1 8 9 0 .  
1 8 9 1 .  
1 8 9 2 .  
1 8 9 3 .  
1 8 9 4 .  ' 

1 8 9 5 .  
1896 .  
1 8 9 7 .  
1 8 9 8 .  
1 8 9 9 .  
1 9 0 0 .  
1 9 0 1 .  
1 9 0 2 .  
1 9 0 3 .  
1 9 0 4 .  
1 9 0 5 .  
1 9 0 6 .  
1907 .  
1 9 0 8 .  
1 9 0 9 .  
1 9 1 0 .  
1 9 1 1 .  
1 9 1 2 .  
1 9 1 3 .  
1 9 1 4 .  
1 9 1 5 ;  
1 9 1 6 .  
1 9 1 7 .  
1 9 1 8 .  
1 9 1 9 .  
1 9 2 0 .  
1 9 2 1 .  
1 9 2 2 .  
1 9 2 3 .  
1 9 2 4 .  
1 9 2 5 .  
1 9 2 6 .  
1 9 2 7 .  
1 9 2 8 .  

DIMENSION A ( l ) , S H I F T S ( l )  
C O f l M O N / C O N S T / P I , P I 2 ~ R A D ~ L O N F L G , Z E R O  

C 
C *** GET PARAMETER I N D I C I E S  
C 

I P l = I U N S T A ( I , l )  
I E l = I U N S T A ( I , 2 )  
I P 2 = I U N S T A ( J , l )  
IE2= IUNSTA(J ,2 )  

C 
C **E GET VARIANCE-COVARIANCE ELEMENTS 
f i  

C 
c *** 
C 

C 

C 
c !** 

b 

P l P l = E L E N ( I P l , I P l ~ F L A G )  
IF(.NOT.FLAG) CALL E R R O R ~ I ~ J ~ I P 1 , I E 1 ~ I P 2 ~ 1 E 2 , 1 )  
P 1 E 1 = E L E M ( I P l ~ I E 1 , F L A G )  
IF(.NOT.FLAG) CALL ERROR(I,J,IP1,IE1,IP2~IE2,2) 
PlP2=ELEM( IP l , IP2 ,FLAG)  
IF(.NOT.FLAG) CALL ERROR(I,J,IPl,IEl,IP2~1E2,3) 
P l E 2 = E L E M ( I P l , I E 2 r F L A G )  
IF( .NOT.FLAG)  CALL E R R O R ( I ~ J ~ I P 1 , I E 1 , I P 2 ~ I E 2 ~ 4 ~  
E l E l = E L E M ( I E I , I E l , F L A G )  
IF(.NOT.FLAG) CALL ERROR(I,J,IPl,IEl,IP2~1E2,5) 
P 2  E l = E L  EM( I P 2  , I E l  9 FLAG 1 
IF( .NOT.  FLAG)  C A L L  ERROR(1, J ,  IP1, IEl, 1.P2, IE2,6 1 

IF(.NOT.FLAG) CALL Ei?ROR(I,J,IP1,IE1,IP2,IE2,7) 

P2E2=ELEN( IP2, IE2,FLAG)  

ElE2=ELEM(IELrIE2,FLAGl 

P2P2=ELEM(IP2, IP2rFLAG)  
IF(.NOT.FLAG) CALL E R R O R ( I ~ J ~ I P l ~ I E 1 ~ I P 2 , I E 2 ~ 8 ~  

IF ( .NOT.FLAG)  CALL ERROR(I~J,IP1,IE1~IP2~IE2,9) 
E 2 E 2 = E L E n ( I E 2 r I E 2 p F L A G )  
IF(.NOT.FLAG) CALL E R R O R ( I , J ~ I P 1 ~ I E 1 , 1 P 2 ~ I E 2 ~ 1 0  

COMPUTE DISTANCE 

CALL ELIPIN(A(IP1)~A(IE1)~A(IP2)~A(IE2~~DST~FAZ 

CONPUTE DIFFERENTIAL COEFFICIENTS 

EM2=RADIUS(A(IP2),ZERO) 

D=-EM'~HDCOS(FAZ)  

EMl=RADIUS(A( IP l ) ,ZERO)  

EN2=RADIUS(A( IP2) ,P I2 )  

B=Et~2wDCOS(A(IP2))*DSIN(BAZ) 
C=-EPl2sDCOS(BAZ) 

TEST FOR LONGITUDE P O S I T I V E  WEST 

I F ( .  NOT. LOtlFLG) THEN 

ENDIF 

COMPUTE TERMS OF ERROR PROPAGATION 

B = - B  
0 

T l = P l P 1  

T 4 = P l P 2 + P l P 2  

T 2 = P l E l + P l E l - P l E 2 - P l E 2  
T 3 = E I E l + E 2 E 2 - E l E 2 - E l E 2  

T5=P2E l+P2E l -P2E?-P2E2  
T6=P2P2 

COMPUTE SIGMA (NOT VARIANCE) OF DISTANCE 

S I G D S T = D S Q R T ( D H D s T l + D * B * T 2 + B * B ? 4 T 3 + D x C H T 4 + B s C ? 4 T 5  

C 

C 
c * * x  
C 

C 
c *** 
C 

C 
c ***  
C 

C 
c ***  
C 

C 
c W X S  
C 

COMPUTE R FOR PROPORTIONAL ACCURACY 

IR= ID INT(DST/S IGDST)  

COMPUTE THE ORIGINAL LENGTH (TRUE LENGTH) 

A P l = A ( I P l ) - S H I F T S ( I P l )  
AP2=A( I P 2 ) - S H I F T S (  I P 2 )  
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1929. 
1930. 
1931. 
1932. 
1933. 
1934. 
1935. 
1936. 
1937. 
1938. 
1939. 
1940. 
1941. 
1942. 
1943. 
19/14. 
1945. 
1946. 
1947. 
1948. 
1949. 
1950. 
1951. 
1952. 
1953. 
1954. 
1955. 
1956. 
1957. 
1953. 
1959. 
i960. 
1961. 
1962. 
1963. 
1964. 
1965. 
1966. 
1967. 
1958. 
1969. 
1970. 
1971. 
1972. 
1973. 
1974. 
1975. 
1976. 
1977. 
1978. 
1979. 
1980. 
1981. 
1982. 
1983. 
1984. 
1985. 
1986. 
1987. 
1988. 

1990. 
1989. 

1991. 
1992. 
1993. 
1994. 
1995. 
1916. 
1997. 
1998. 
1999. 
2000. 
2001. 
2002. 

AEl=A(IEl)-SHIFTS(IEl) 
AE2=A(IE2)-SHIFTS(IE2) 
CALL E L I P I N ( A P ~ , A E ~ , A P ~ , A € ~ , D T R U E I A Z , B A Z B A Z )  

C 
C *** COMPUTE SHIFT IN LENGTH FOR PROPORTIONAL ERROR 
C 

C 

DELTA=DST-DTRUE 
IR2=IDINT(DST/DABS(DELTA)) 

RETURN 
END 
SUBROUTINE E l I P I N ( G l A T 1  p El , G l A T Z , E Z , S ,  FAZPBAZI 

C 
C *** S O L V E  I N V E R S E  G E O D E T I C  PROBLEM 
C *** AZIMUTHS CLOCKNISE FROP1 NORTH 
C X x *  FLAG -- TRUE LOtIGITUDE POSITIVE EAST c %3?f -- FALSE LONGITUDE POSITIVE NEST (U.S.) 
P 
b 

INPL I CI T REAL W8 ( A-H, 0-Z 1 
LOGICAL FLAG 

COliPlOEI/ELLIP/A. EE 
DATA TOL/.5D-13/ 
COII~IO~I/COIIST/PI ,PIL RAD, FLAGJERO 

C 
C *** CONVERT LONGITUDES TO POSITIVE WEST 
C 

IF(FLAG1 THEN 
G L 0 El 1 =- E 1 
G L 0 t12=-E2 

ELSE 
GLONlZE1 
GLOH2zE2 

END1 F 

R=DSQRT(l.DO-EE) 
F=l. DO-R 

C 

C 
TUl=R*DSIN(GLATl)/DCOS(GLATl) 
TU2=RXDSIN(GLAT2)/DCOS(GLAT2) 
CUl=l.DO/DSQRT(TUl*TUltl.DO) 
SUl=CUlXTUl 
CU2=1.DO/DSQRT(TU2*TUZtl.D0) 
s=culXCu2 
BAZ=SaTU2 
FAZ=BAZ*TUl 

C 
W = O  .DO 

SX=DSIN(X) 
cx=L'cos(x) 
TUl=CU2ZSX 
TU2=SUlnCU2*CX-BAZ. 
S Y = U S Q R T ( T U l * T U l + T U 2 * T U 2 )  

100 X=GLONl-GLONL+W 

CY=S*CX+FAZ 
Y=DATAN2(SY,CY) 
SA=SSSX/SY 
C2A=-SAXSA+l.D0 
CZ=FAZ+ FA2 
IF(C2A.GT.O.DO) CZ=-CZ/C2A+CY 
E=CZ*CZ%2.DO-l.D0 
C=((-3.DO*C2At4.DOl*Ft4.DO)wC2A*F~l6.DO 
D=W 
b J = ( ( E * C Y x C t C Z ) * S Y X C + Y ) n S A  
W=(l .DO-C)Xl*IxF 
IF(DABS(D-W).GT.TOL) GO TO 1 0 0  

FAZ=DATAtI2(-TUlI TU21 
B A Z = D A T A N 2 ( C U l X S X , B A Z * C X - S U l * C U 2 )  
FAZ=FAZ+Pi 
BAZ=BAZ+PI 
IF(FAZ.LT.O.DO) FAZ=FAZ+PI+PI 
IF(BAZ.LT.O.DO) BAZ=BAZ+PI+PI 
X=DSQRT((l.DO/R/R-I.~O)*C2A+l.DO~+l.D0 
X=(X-2.DO)/X 

C 
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2003 .  
2004 .  
2005.  
2006 .  
2007 .  
2008.  
2009 .  
2 0 1 0 .  
2011.  
2012.  
2013.  
2014.  
2015 .  
2016.  
2017.  
2018.  
2019.  
2020.  
2021.  
2022.  
2023.  
2024 .  
2025.  
2025.  
2 0 2 7 .  
2028 .  
2029.  
2030.  
2031 .  
2032. 
2033. 
2034.  
2035 .  
2036.  
2037.  
2038 .  
2039 .  
2040.  
2041.  
2042.  
2043 .  
2044 .  
2045 .  
2046 .  
2047 .  
2048.  
2049.  

C = l  . DO-X 
C=(X*X/4.DO+l.DO)/C 
D=(0.375DO%X*X-l.DO)*X 
X=E*CY 
S=l.DO-E-E 
S=((((SY*SY*4.DO-3.DO)*S*CZ*D/6.DO-X)%D/4.DOtCZ)*SY*D+Y)*C~A~R 

C 

C * * %  PRINT ERROR MESSAGE 
P 
b# 

GIRITE(6, l )  I ~ J ~ I P 1 , I E l ~ I P 2 ~ I E 2 ~ K  
1 FORMAT(7110/' ELEMENTS HOT I N  PROFILE')  

CALL FERR 
C 

RETURN 
END 
SUBROUTINE FORMOB(IUO,IU02,A) 

C 
C *** REFORM OBS EQUATIONS USING HOST RECENT PARAMETERS 
C 

I M P L I C I T  REALn8(A-H,O-Z) 

COMMON/PARMS/ZUPT,NSTA~NRUNINUNK,ITAB,NOBS 
DIMENSION A ( l ) , I U N K ( l O ) , C ( l O )  

C 
C i t%* LOOP OVER THE OBSERVATIONS 
C 

REGIIND I U O  
REMIND I U 0 2  
DO 1 I=l ,NOBS 
READ(IU0) K L N D , I U N K ~ C , O B S O ~ O D S B ~ S D ~ T f l E A N ~ S S Q T ~ L E N G  
CALL FOP.MC(KIND,C, IUNK,A,Tr lEANrSSQT)  
CALL C O M P O B ( K I N D ~ O B S O , I U N K , A ~ T P l E A N , S S Q T )  

1 WRITE(IU02)  KIND,IUNK,C,OBSO,OBSB,SD,TTlEAN,SSQT,LENG 
REWIND I U O  
REPJIND I U 0 2  

C 
C % % %  EXCHANGE PRIMARY/SECONDARY OB5 EQ F I L E  INDICATOR 
C 

I T  EMP =I U 0 
1u0=1u02  
I U 0 2 = I  T EMP 

RETURN 
END 

.C 
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APPENDIX D.--NAME TABLE DOCUMENTATION 

1. INTRODUCTION 

The HASHTABLES package provides  a l l  func t ions  necessary t o  
create, manipulate ,  and des t roy  o b j e c t s  of "type" HASHTABLE. 
I n  t h i s  sense ,  a p a r t i c u l a r  hash t a b l e  is an  ob jec t  of " a b s t r a c t  
d a t a  type",  and HASHTABLES is t he  " type manager" f o r  o b j e c t s  of 
type HASHTABLE. 

A hash t a b l e  may be conceptual ized i n  terms of those func t ions  which 
r e t u r n  a s p e c t s  of i t s  c u r r e n t  "state" but do not  have any a f f e c t  
on t h e  s ta te .  I n  s e c t i o n  2 (where the  func t ions  are descr ibed)  
func t ions  of t h i s  class are c a l l e d  "V-functions" because they 
g ive  t h e  a b i l i t y  t o  " V i e w "  p a r t i c u l a r  aspects of t he  state. 
The f o l l o w i n g  diagram and the  informal d e s c r i p t i o n s  of t h e  
V-functions below i t  provide t h e  conceptua l  foundat ion f o r  
understanding the  formal d e s c r i p t i o n s  i n  s e c t i o n  2.  

! ! ! 
!<KEYLEN(T)>!<VALLEN(T)>! 
! ! ! 

! ! ! I 

! ! 
! ! ! ! 
! ! I 

! ! ! ! 
I !- ! I 
! ! ! ! 

/ I /  ! ! / / I  
! ! ! ! 
! ! ! ! 

! ! ! ! 
! ! ! ! 

CURREN(T)----- > !  ! GETKEY(T) ! GETVAL(T) ! 

-- ! -_ ------ - 

--- --.--- 

----- --- 

! ! ! I 

! ! / / I  
! ! ! ! 
! ! ! 

! ! ! 1 

> ! ISDEL(T,I) ! ! ! 
1 ! ! ! 

! ! ! .  ! 

/ I /  

I -- - 
I----- 

- ----- ---- 
! ! ! ! 

! ! ! ! 
! ! ! ! 

! ! ! ! 

/ I /  ! ! / / I  

-- . ---- - 
SIZE(T)----- > !  ! ! ! 
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! ! 
!- ! 

! ! 
! ! 

, -- 
1 ! ! 1 

! ! I ! 
/ I /  ! ! / / I  
! ! ! ! 
! ! ! ! 
! ! ! ! 
! ! ! 
!- ! 1 ! 

NROWS(T)-9--- - >  ! ! ! ! 
! ! - ! -- ! 

VALIDT(T). . . . . . e .  I n d i c a t o r  of t h e  e x i s t e n c e  of t a b l e  T 
SIZE(T).. ........ Number of rows p u t  i n  t a b l e  so f a r  
NROWS(T)... ...... I n t e g e r  number of rows t o  which t a b l e  may grow 
CURREN(T) a . . . . . .The "current" row number 
GETKEY(T) . . . . . . . ."key" p a r t  of t h e  c u r r e n t  r o w  
GETVAL(T) ........ "value" p a r t  of  t h e  c u r r e n t  row 
KEYLEN(T)........Length of GETKEY(T) 
VALLEN(T).. ...... Length of GETVAL(T) 
ISDEL(T,I). . . . . .Value of t h e  d e l e t e  f l a g  f o r  row I 
HASHUB(T).. ...... Upper bound on range of hash  f u n c t i o n  
HFUNC(T).........Address of use r - supp l i ed  hash f u n c t i o n  

( 0  i f  none s u p p l i e d )  

2.  FORMAL SPECIFICATION 

I n  t h i s  s e c t i o n  each 0-, V-, and OV- f u n c t i o n  is d e s c r i b e d  fo rma l ly .  
A f o r m a l  d e s c r i p t i o n  c o n s i s t s  of t h e  f o l l o w i n g  e l emen t s :  

1. Type of f u n c t i o n  and i t s  i n v o c a t i o n  r u l e  

.There are 3 t y p e s  of  f u n c t i o n s :  

0- (Operate-)  f u n c t i o n s  a f . f e c t  t h e  s t a t e  of a n  o b j e e t  

V- (View-) f u n c t i o n s  have no e f f e c t s ,  b u t  a l l o w  some 
aspect of t h e  s t a t e  of  a n  objec t  t o  be 
observed 

OV- (Operate- and V i e w - )  f u n c t i o n s  are  provided as  e 
convenience s i n c e  they  a re  e q u i v a l e n t  t o  a 
h y p o t h e t i c a l  p a i r  of 0- and V- f u n c t i o n s  invoked 

be used t o g e t h e r ,  i t  makes s e n s e  t o  combtne them 
( a n  example i s  t h e  SEEK fui ic t  i on ) .  

i n  series. Because t h e s e  two f u n c t i o n s  would always 

The i n v o c a t i o n  r u l e  is a schema f o r  invoking t h e  f u n c t t o n  g i v e n  
i n  an Algo l - l i ke  P.D.L. where t h e  assignment  o p e r a t o r  is  
i n d i c a t e d  by I:=' and is d i s t i n c t  froin t h e  e q u a l i t y  o p e r a t o r  
I=)  found t n  t h e  EFFECTS and EXCEPTIONS s e c t i o n s .  



2. POSSIBLE VALIJES 

For V- and OV- f u n c t i o n s ,  t h i s  s e c t i o n  g ives  t h e  r a n g e  o f  
v a l u e s  r e t u r n e d  by t h e  f u n c t i o n .  For example,  NEWT r e t u r n s  
a v a l u e  i n  t h e  r ange  of " c a p a b i l i t i e s " ,  which i s  i t s e l f  

between 1 and an o b j e c t - d e p e n d e n t  uppe r  l i m i t .  
inplementat Ion-dependent , while SEEK returns an integer 

3 .  PARAMETERS 

P a r a m e t e r s  are v a l u e s  e x p e c t e d  by t h e  f u n c t i o n .  P a r a m e t e r  v a l u e s  
are  n o t  a l t e r e d  by f u n c t i o n s .  
i n t u i t i v e  meaning is  s t a t e d .  

F o r  e a c h  p a r a m e t e r ,  i ts  t y p e  and 

4. EFFECTS 

T h i s  section i s  i n c l u d e d  .on ly  f o r  0- and OV-funct ions ( b e c a u s e  V- 
f u n c t i o n s  have  no e f f e c t s ) .  A n  e f f e c t  is a "well-formed formula"  
whose terms are c o n s t a n t  symbols  and V-funct ions .  A wff becomes 
" t r u e "  as a r e s u l t  o f  a s u c c e s s f u l  i n v o c a t i o n  of  t h e  f u n c t i o n .  

The f o r m u l a s  c o n t a i n  t h e  f o l l o w i n g  s p e c i a l  symbols:  

- - e q u a l i t y  
n o t  n e g a t i o n  
> '  g r e a t e r  t h a n  
< less t h a n  
>= 
<= less-t han-or-equal- to  
and l o g i c a l  c o n j u n c t i o n  
or l o g i c a l  d i s j u n c t i o n  
t r u e , f a l s e  t r u e , f a l s e  

g r e a t  e r- t han-or-eq ua 1-t o 

1 t h e  q u o t e  o p e r a t o r  p r e c e d i n g  a 
f u n c t i o n  r e f e r e n c e  r e f e r s  to  t h e  

v a l u e  of  t h e  f u n c t i o n  p r i o r  
t o  t h e  c u r r e n t  s e t  o f  e f f e c t s .  

u n i v e r s a l  q u a n t i f i c a t i o n  
t h e r e  e x i s t s  a n  S such  t h a t  e x i s t e n t i a l  q u a n t i f i c a t i o n  
f o r  a l l  A s u c h  t h a t  

5 .  EXCEPTIONS 

An e x c e p t i o n  is a well-formed fo rmula  whose t r u t h  a t  t h e  time of  
i n v o c a t i o n  r e s u l t s  i n  t h e  abnormal  t e r m i n a t i o n  of any  program 
c a l l i n g  t h e  € u n c t i o n .  The n o t a t i o n a l  c o n v e n t i o n s  €or w r i t i n g  
e x c e p t i o n s  a re  t h e  same as  f o r  EFFECTS. 

6 .  NOTES 

A d d i t i o n a l  i n f o r m a l  d i s c u s s i o n  is o f t e n  i n c l u d e d  t o  c l a r f f y  t h e  
s e m a n t i c s  of a f u n c t i o n .  

7 .  FORTRAN EXAMPLE 
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An occasional FORTRAN program segment is included to illustrate 
the proper (or improper) use of a function.' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * 
* OV-FUNCTION T:=NEWT(A,Nl,N2,N3,N4) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: 

T.. . . .A "capability" for a hash table 
PARAMETERS : 

A........The address of a hash routine to be used with 
this table. If 0, a system-supplied routine 
will be used. 

N1 . . . . . .An upper bound on SIZE(T) 
N2 . . . . . .The fixed length of a "value" (in words) 
N3.. . . . .The fixed length of a "key" (in words) 
N4......An upper bound on the range of the hash function 

EFFECTS : 

VALIDT( T) 
HFUNC(T)=A 
NROWS(T)=Nl+l (see note) 
VALLEN( T)=N2' 
KEYLEN(T)=N3 
INDLEN(T)=N4 
CVRREN(T)=O 
SIZE(T)=O 

EXCEPTIONS: 

not [ N1 >= 1 and N2 >= 0 and N3 >= 1 and N4 >= 1 ] 

FORTRAN EXAMPLE : 

EXTERNAL HASH1 

TL=NEWT(HASH1,100,2,10,500) 
.T2=NEWT(0,1000,0,2,2000) 
T3=NEWT(0,10,0,1,1) 

CALL SUB(T1) 

NOTES : 

The significance of the term "capability" can be understood by 
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cons ider ing  t h e  above example. 
of t h e  t h r e e  t a b l e s  s i n c e  i t s  possess ion  g i v e s  t h e  okmer 
EVERYTHING i t  needs t o  know in orde r  t o  manipulate t h e  t a b l e .  
I n  t h e  example, t a b l e  T 1  is passed by pass ing  a s i n g l e  va r i ab le .  
In a convent ional  "da ta  s t r u c t u r e s "  approach, cons iderably  more 
informat ion  would have t o  be passed in order  t o  g ive  SUB 
" f u l l  c a p a b i l i t y "  w i t h  r e spec t  t o  t h e  t a b l e .  

T 1  is a "capab i l i t y"  f o r  one 

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* V-FUNCTION N:=SIZE(T) * 
rk k 

. . . . . . . . . . . . . . . . . . . . . . . . .  
POSSIBLE VALUES: 

N.......Integer number of rows i n  t a b l e  

PARAMETERS : 

T ....... A "caoab i l i t y"  f o r  a hash t a b l e  

EXCEPTIONS: 

not  VAL IDT ( T ) 

NOTES : 

SIZE(T) g ives  the  number of rows the  u s e r  has  a l r e a d y  
placed in t h e  t a b l e .  This  i s  n o t  t o  be confused with 
NROWS(T) which is an upper l i m i t  on t h e  s i z e  t o  which 
t h e  t a b l e  may grow. 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* V-FUNCTION N:=NROWS(T) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: 

N.......Integer number of rows t o  which t a b l e  may grow 

PARAMETERS : 

T ....... A "capab i l i t y"  f o r  a hash t a b l e  

EXCEPTIONS: 

not  VALIDT (T) 

NOTES : 

A s  descr ibed  by e f f e c t  #3 of NEWT, NROWS(T) i s  i n i t i a l l y  
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set t o  one more t h a n  t h e  u s e r ' s  maximum r e q u e s t e d  t a b l e  
s ize .  Thus i f  t h e  u s e r  ca l l s  NEWT w i t h  N1=100, NEWT w i l l  
r e s e r v e  101 rows and NROWS(T) w i l l  be 101. No 0 - func t ion  
( e x c e p t  NEWT) a f f e c t s  t h e  v a l u e  of NROWS(T), so i t  remains 
c o n s t a n t  € o r  a g i v e n  t a b l e .  The a d d i t i o n a l  row i s  r e s e r v e d  
f o r  t h e  p rope r  o p e r a t i o n  of SEEK when t h e  t a b l e  c o n t a i n s  
100 rows ( i n  t h e  p r e s e n t  example).  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* V-FUNCTION L:=KEYLEN(T) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: 

L . . . . . . . I n t ege r  number of words i n  "key" p o r t i o n  of row 

PARAMETERS : 

T ....... A " c a p a b i l i t y "  f o r  a hash  t a b l e  

EXCEPTIONS: 

n o t  VALIDT(T) 

NOTES : 

keys i n  t h e  u s e r  program may be of any type .  Within 
BASHTARLES, keys art! compared and manipulated i n  i n t e g r a l  
words. Thus i f  c h a r a c t e r  keys a re  used ,  t h e  u s e r  program 
should t a k e  care of c o n s i s t e n t  padding of keys o u t  t o  t h e  
f u l l  d e c l a r e d  s i z e  of t h e  key.  

FORTRAN EXAMPLE: 

NAMES=NEWT( I), 100,4,2,200) 

I=SEEK( NMIES, ' J DOE' ) (*I 

J=SEEK( N A ~ S  , J DOE (**I 

I n  t h i s  example,  the r e s u l t  of (*) is u n c e r t a i n  s i n c e  t h e  
k e y  is not padded t o  t h e  d e c l a r e d  size of 2 words. The 
correct version is given i n  (**). 



. . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * * x 
* V-FUNCTION L:=VALLEN(T) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: 

L... .... I n t e g e r  number of words i n  "va lue"  p o r t i o n  of row 

PARAMETERS : 

T ....... A " c a p a b i l i t y "  f o r  a h a s h  table  

EXCEPTIONS: 

n o t  VALXDT(T) 

NOTES : 

HASHTABLES m a n i p u l a t e s  b o t h  k e y s  and v a l u e s  i n  i n t e g r a l  
words.  Thus ,  v a l u e s  l e n g t h  is a l w a y s  s t a t e d  i n  whole words, 
r e g a r d l e s s  of t h e  t y p e  and l e n g t h  of t h e  a c t u a l  v a l u e s  i n  
t h e  u s e r  program. T h i s  f a c t  demands c a u t i o u s  h a n d l i n g  of 
v a l u e s  hav ing  n o n - i n t e g r a l  word l e n g t h s  s u c h  as c h a r a c t e r  
s t r i n g s  (see FORTRIW EXAMPLE). 

FORTRAN EXAMPLE: 

Tl=NEWT(O,l00,4,2,200) 

CALL PUTVAL(T1,'PUMPERNICKEL') (*) 

CALL PUTVAL(T1,'PUMPERNICKEL ' 1  (**I 

The l a s t  word of t h e  v a l u e  s t o r e d  i n  t h e  table would 
have  unde f ined  c o n t e n t s  i n  t h e  case of (*). The problem 
is f i x e d  i n  (**) by padd ing  t h e  v a l u e  t o  16 c h a r a c t e r s .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* V-FUNCTION M:zHAStlUB(T) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSS I RLE VALUES : 

M.. . . . . . In teger  upper  hound of h a s h  f u n c t i o n  r ange  
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PARAMETERS : 

T ....... A "capab i l i t y"  f o r  a hash t a b l e  

EXCEPTIONS: 

no t  VALIDT ( T 

NOTES : 

Parameter N4 i n  t h e  ca l l  t o  NEWT e s t a b l i s h e s  t h e  range 
of t he  hash func t ion  t o  be used wi th  a t a b l e .  No 0-funct ion 
has  any e f f e c t  on t h i s  range,  so i t  remains f i x e d  for  t h e  l i f e  
of t h e  t a b l e .  

I f  t h e  b u i l t - i n  hash func t ion  is e l e c t e d ,  i t  w i l l  t ransform 
keys i n t o  t h e  range [l,HASHUB(T)]'. I f  a user-provided hash 
f u n c t i o n  is used, t h a t  func t ion  must r e t u r n  a r e s u l t  i n  t h e  
same range o r  an  except ion w i l l  be r a i sed .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
*' * 
* V-FUNCTION A:=HFUNC(T) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: 

A.......A value i n  t h e  range of system addresses  OR 0 

PARAMETERS : 

T ....... A " c a p a b i l i t y "  f o r  a hash t ab le  

EXCEPTIONS: 

not'VALIDT(T) 

NOTES : 

A poss ib l e  use of HFUNC would be t o  determine whether or not 
a user-defined hash func t ion  is a s s o c i a t e d  wi th  a t a b l e .  Such 
information might be u s e f u l  t o  a general-purpose r o u t i n e  
used t o  analyze the  r e l a t i v e  e f f i c i e n c y  of a v a r i e t y  of hashing 
a lgor i thms.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* OV-FUNCTION R:=SEEK(T,ARG) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALIJES: 

R.. . . . I n t ege r  "row number" i n  range [ l , S I Z E ( T ) + l ]  
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PARAMETERS : 

T.. . . . . .A "capability" for a hash table 
ARG.....Argument to  be used in table lookup 

EFFECTS : 

IF 
there exists an S such that 

CURREN(T)=S and KEYVAL(T)=ARG 
THEN 

R=S 
CURREN(T)=S 

R=SIZE(T)+l 
CURRENT(T)=R 
GETKEY(T)=ARG 
ISDEL(T,R)=false 

ELSE 

ENDIF 

EXCEPTIONS: 

not VALIDT(T) 

FORTRAN EXAMPLE: 

. 
IF(SEEK(T1,'JOHN DOE').LE.SIZE(T))THEN 

. 
. successful lookup logic . . 

ELSE 

. 
unsuccessful lookup logic' 

ENDIF 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* V-FUNCTION VAL:=GETVAL(T) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES : 

VAL..  . .A value in the range of table values 

PARAMETERS : 

73 



T ....... A "capability" for a hash table 
EXCEPTIONS : 

not VAL IUT (T) 
not [ l<=CURRENT(T)<=SIZE(T) ] 

NOTES : 

Because of the limitations on the "type" of values returned 
by FORTRAN functions, GETVAL is implemented as a subroutine 
with 'VAL' as the second parameter (see EXAMPLE). 

FORTRAN EXAMPLE; 

IF(SEEK(NAMES,'JOHN DOE').LE.SIZE(NAMES))THEN 
CALI. GETVAL( NAMES, RECORD) 
EMPNO-RECORD ( 1 ) 
AGE=RECORD(2) 
DECODE( 100 ,RECOKD( 3))ADDRESS 

100 FORMAT ( A3 2) 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* V-FUNCTION K:=GETKEY(T) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: 

K.....A value in the range of table keys 

PARAYET ERS : 

T ....... A "capability" for a hash table 

EXCEPTIONS: 

not VALIDT( T) 
not [l<=CURREN(T)<=SIZE(T) ] 

NOTES : 

Because of the limitations on the "type" of values returned 
by FORTRAN functions, GETKEY is implemented as a subroutine 
with 'KEY' as the second parameter (see EXAMPLE). 

FORTRAN EXAMPLE : 

74 



CALL SETCUR(NAMES,I) 
CALL GETKEY(NAMES,NAME) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* 0-FUNCTION PUTVAL(T,VAL) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: none 

PARAMETERS : 

T ....... A " c a p a b i l i t y "  f o r  a hash  t a b l e  
VAL.....A v a l u e  i n  t h e  range of t a b l e  v a l u e s  

EFFECTS : 

GETVAL(T)=VAL 
SIZE(T)='SIZE(T)+l 

EXCEPTIONS: 

no t  VALIDT(T) 
n o t  [ CURREN(T)='SIZE(T)+l and 'SIZE(T)<NROWS(T) ] - 

NOTES : 

As EXCEPTION f2 i n d i c a t e s ,  PUTVAL can o n l y  be used t o  s t o r e  
a v a l u e  in a new row. In f a c t ,  i t  is PUTVAL which c a u s e s  
t h e  row to "become" part of t h e  t a b l e .  
In f a c t ,  i t  is PUTVAL t h a t  CAUSES t h e  row t o  become p a r t  OE 
t h e  t a b l e .  

A v a l u e  i n  a n  e x i s t i n g  row must be changed by CHGVAL. 

FORTKAN EXAMPLE: 

IF(SEEK(NAMES,'JOHN DOE') .EQ. SIZE(NAMES)+l)THEN 
RECORD( l)=EEIPNO 
RECORD(Z)=AGE 
ENCODE(lOO,RECORD(3))ADDRESS 

CALL PUTVAL(NAMES,RECORD) 
100 FORMAT(A32) 

. . . . . . . . . . . . . . . . . . . . . . . .  
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........................ 
* * 
* 0-FUNCTION DELETE(T) * * * 
........................ 

POSSIBLE VALUES: none 

PARAMETERS : 

T.. . . . .A "capability" for a hash table 

EFFECTS : 

ISDEL[T,'CURREN(T)J=true 
CURREN(T)=O 

EXCEPTIONS: 

not VALIDT(T) 
not [ 1 <= 'CURREN(T)<=SIZE(T) ] . 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* V-FUNCTION R:=CURREN(T) * ' *  * 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: 

R.. . . . . .Integer "row number" i n  range [l,SIZE(T)+l] 

PA-TERS : 

T ....... A "capability" for a hash table 

EXCEPTIONS: 

not VALIDT( T) 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* 0-FUNCTION SETCUK(T,R) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: none 

PARAMETERS : 

T.......A "capability" for a hash table 
R.. . . . . .Integer "row number" 

EFFECTS : 
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CURREN(T)=R ' 

EXCEPTIONS: 

not VALIDT(T) 
ISDEL(T,R) 
not [ 1 <=R<=SIZE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* V-FUNCTION B:=ISDEL(T,R) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: 

B.... ... true,false 
PARAMETERS : 

T ....... A "capability" €or a hash table 
R.. .... .INTEGER "row number" 

EXCEPTIONS: 

no t VAL IDT ( T ) 
not [ l<=R<=SIZE(T) ] 

NOTES : 

Because a deleted row can never be made current by any 0-operation, 
a function (ISDEL) must be provided to test whether a row is deleted 
or not. 

FORTRAN EXAMPLE: 

IF(.NOT.ISDEL(T,I))THEN 
CALL SETCUR(T,I) 
CALL GETVAL(T,VAL) . 

.. . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* 0-FUNCTION CHGVAL(T,VAL) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: none 

PARAMETERS : 
.. 

77 



T ....... A "capab i l i t y"  f o r  a hash t a b l e  
VAL.. . . .A "value" i n  t h e  range of t a b l e  va lues  

EFFECTS : 

GETVAL(T)=VAL 

EXCEPTIONS: 

no t  VALIDT(T) 
no t  [ l<=CURREN(T)<=SIZE(T) ] 

NOTES : 

CHGVAL can be used t o  change t h e  va lue  i n  any row which is 
a l r e a d y  part of t he  t a b l e ,  while  PUTVAL may only be used f o r  
p u t t i n g  a va lue  i n t o  a new row. 

FORTRAN EXAMPLE: 

IF(SEEK(NAMES,'JOHN ROE').LE.SIZE(NAMES))THEN 
CALL GBGVAL( NAMES, ' JOHN DOE' ) 
. 

.. . . . . . . . . . . . . . . . . . . . . .  
* * 
* 0-FUNCTION CLEAR(T) * * * 
. . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES: none 

PARAMETERS; 

T ....... A "capab i l i t y"  f o r  a hash t a b l e  

EFFECTS : 

CURREN(T)=O 
SIZE( T )SO 

EXCEPTIONS : 

no t  VALIUT(T) 

NOTES : 

This  func t ion  i s  appropr i a t e  when i t  is d e s i r e d  t o  reuse 
a t a b l e .  No t a b l e  resources  are f r e e d  as t h e  r e s u l t  of a 
CLEAR. 
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t * * * t * * * t t t * t * t * * * k * t t  
* * 
* O-FUNCTION ABOR(T) * * * 
...................... 

POSSIBLE VALUES : .none 

PARAMETERS : 

T ....... A "capability" for a hash table 

EFFECTS: * 

no t  VAL IDT( T ) 

EXCEPTIONS: 

no t  ' VALIDT( T) 
NOTES : 

ABOR is  appropr i a t e  when a t a b l e  is  no longer  needed and i t  is  
d e s i r e d  t o  r e t u r n  i ts  resources  (e.g. i t s  memory, i t s  "capab i l i t y" )  
t o  t h e  type manager. 

FORTRAN EXAMPLE: 

. 
T=NEWT(...ooo.) 

CALL ABOR(T) 

. 
PKINT *,VALIDT(T) (*) . . 
CALL SETCUR(T,I) (**) 

The f i r s t  p r i n t  (*) w i l l  cause ".FALSE." t o  be w r i t t e n .  The 
ca l l  t o  CLEAR w i l l  r e s u l t  i n  an  a b o r t  s i n c e  T i s  no longer  a 
v a l i d  c a p a b i l i t y .  

........................... 
* * 
* V-FUNCTION B:=VALIDT(T) * * * 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

POSSIBLE VALUES : 
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B... . . . . t rue,false 

PARAMETERS : 

T.......An a r b i t r a r y  va lue  

EXCEPTIONS: none 

NOTES : 

VALIDT i s  the  only  func t ion  without  except ions ,  and should be 
used i n  "mutually susp ic ious"  subsystems 

3. USAGE GUIDELINES 

HASHTABLES performs hashing wi th  c o l l i s i o n s  reso lved  by chaining.  
It con ta ins  a b u i l t - i n  hashing f u n c t i o n  which should do a f a i r l y  
good job of randomizing keys which are themselves f a i r l y  random. 
I n  the  event  t h a t  t he  keys have a d i s t r i b u t i o n  about  which some- 
t h i n g  i s  known i n  advance, i t  may be p r e f e r a b l e  for  t h e  u s e r  t o  
write a hashing func t ion  which does a b e t t e r  j o b  of randomizing 
t h e  keys than t h e  b u i l t - i n  func t ion  does. 

For example, suppose a key c o n s i s t s  of two a l p h a b e t i c  c h a r a c t e r s  
(e.g., the abbrev ia t ions  of U.S. s ta tes ) .  An EXACT (1-1, onto)  
hashing function could be devised which maps the 676 poss ib l e  
p a i r s  (AA,AB, ..., ZZ) onto  t h e  i n t e g e r s  (1,2,m..,676). 
func t ion  would r e s u l t  i n  no c o l l i s i o n s  (opt imal  SEEK e f f l c i e n c y )  
as  long as N4 were set  g r e a t e r  than  o r  equal  t o  676 i n  t h e  ca l l  
t o  NEWT. Specifying N4 as  less than 676 would introduce the 
p o s s i b i l i t y  of c o l l i s i o n s  (degrading SEEK e f f i c i e n c y ) .  
N4 as 1 would mean 100% c o l l i s i o n  p r o b a b i l i t y ,  and a SEEK would 
r e s u l t  i n  an  O(n) ( l i n e a r )  scan  of the  e n t i r e  t a b l e .  

Th i s  

Spec i fy ing  

There a r e  many t rade-of fs  t o  be made involv ing  space and t i m e .  
Space requirements are equa l  t o  

w h i l e  t i m e  is d i r e c t l y  p ropor t iona l  t o  N4 and the  "goodness" of 
t he  hashing func t ion  f o r  a p a r t i c u l a r  se t  of keys. 
and N3 are probably f i x e d  i n  a g iven  a p p l i c a t i o n ,  a t t e n t i o n  should 
be focused on t h e  choice  of N4 and t h e  des ign  of a n  a p p r o p r i a t e  
hashing func t ion  when t a b l e  process ing  is  a c r i t i ca l  p a r t  of 'an 
app l i ca t ion .  I n  an a p p l i c a t i o n  where a few hundred SEEKs are 
requ i r ed ,  t h e  choice of N4 is  no t  c r i t i c a l ,  and t h e  b u i l t - i n  hashing 
func t ion  i s  more than adequate.  For a few thousand SEEKs, t h e  value 
of N4 ought t o  be increased  t o  t h e  same o r d e r  of magnitude as N 1 ;  
2*N1 is  perhaps a good choice.  Only when t h e  number of SEEKs i s  
expected t o  approach the  t ens  o r  hundreds of thousands should N4 
be made much l a r g e r  o r  should a user-defined hashing func t ion  be 
considered.  

Because N 1 ,  N2, 
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NOTE: For very  small t a b l e s  ( 1 <= SIZE(T) <= 10 ) c a l l i n g  NEWT 
with  N4 =1 may r e s u l t  i n  b e t t e r  performance than c a l l i n g  wi th  
N4>1, s i n c e  t h e  c o s t  of hashing i t s e l f  may exceed t h a t  of a f u l l  

t a b l e  search .  SEEK does not  a c t u a l l y  invoke a b u i l t - i n  o r  user-defined 
hashing func t ion  when N4=1. 

A user-supplied hash ing , func t ion  must be parameter less .  
communicate wi th  HASHTABLES by means of a common block l a b e l l e d  
HASH, wi th  v a r i a b l e s  arranged as fol lows:  

It must 

Each time t h e  a p p l i c a t i o n  program does a SEEK, t h e  mer-def ined  

in HASH will be set as fol lows:  
function will be c a l l e d .  .On e n t r y  t o  t h e  u s e r  func t ion ,  t h e  v a r i a b l e s  

M w i l l  con ta in  INDLEN(T) 
STRL w i l l  con ta in  KEYLEN(T) 

STRING w i l l  con ta in  t h e  search  argument (up t o  10 words max) 

Before r e tu rn ing ,  t he  u s e r  func t ion  must place the  r e s u l t  of i t s  work 
i n  t h e  i n t e g e r  v a r i a b l e  RESULT, making s u r e  t h a t  i t s  va lue  is between 
[ISMI 
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APPENDIX E.--INERTIAL SURVEY SYSTEM PROJECT SUMMARY 

3/18 -- Cassette 300 
east-west, forward run  o n l y ,  system ma l func t ion  

3/19 -- Cassette 301 
east-west, forward run o n l y  

3 /  1 9  -- Cassette 302 
east-west , two complete  r u n s ,  o p e r a t o r  e r r o r  at 
1013 u p d a t e  on second run  

3 /20  -- Cassette 303 
east-west, t h r e e  complete  r u n s ,  d a t a  gap i n  r e v e r s e  r u n ,  
e n t i r e  second,  and e n t i r e  t h i r d  run  

3 /21  -- Cassette 304 
o b s e r v a t i o n s  o n l y  o v e r  pre-survey c a l i b r a t i o n  p o i n t s  

3 /21  -- Cassette 305 
no r th - sou th ,  two complete  r u n s  

3/22 -- Cassette 306 
n o r t  h-sout h ,  t h r e e  complete  r u n s  

3 / 2 2  -- Cassette 307 
observations on points 3001-3005 

3 / 2 3  -- Casset te  308 
n o r t h - s o u t h ,  two complete  r u n s ,  d a t a  gap i n  reverse r u n  
and e n t i r e  second t r a v e r s e  

3/24 -- Cassette 309 
n o r t h - s o u t h ,  one  complete  r u n ,  d e l i b e r a t e  e r r o r  i n  
l o n g i t u d e  upda te  

Cassette 310 
t h i s  casse t te  was not used 

3 / 2 4  -- Cassette 311 
n o r t h - s o u t h ,  two complete  r u n s ,  data  gap  i n  r e v e r s e  run 
o f  f i r s t  t r a v e r s e  and e n t i r e  s e c o n J  t raverse  

3/25 -- C a s s e t t e  312 
north-sout l i .  two complctc  r u n s ,  f i r s t  r u n  has ZUPTs midway 
between each  mark.  Second run has midway Z1:PTs on t h e  
forward run o n l y .  

3 / 2 5  -- Casscttc 313 
n o r t  11-sou t 11, forward run o n  1 y , system ma1 f iiiic t i o n  

3 / 2 0  -- Cassette 31G 
n o r t h - s o u t h ,  onc comple t r  r u n ,  i n c o r r e c t  1ipl:itc nt  3003 
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3/27 -- Cassette 315 
east-west, two complete  r u n s ,  d a t a  gap i n  r e v e r s e  run  
of f i r s t  traverse, second t r a v e r s e  i n t a c t  

3/27 -- Cassette 316 
east-west, one complete r u n  

3/27 -- Cassette 317 
east -west , one complete  run  

3/28 -- Cassette 318 
east-west, t h r e e  complete  r u n s ,  d e l i b e r a t e  e r r o r  i n  
l a t i t u d e  u p d a t e  of f i r s t  t r a v e r s e  

3/29 -- Cassette 319 
east-west t h r e e  complete  r u n s  

3/30 -- Cassette 320 
n o r t h - s o u t h ,  two t r a v e r s e  r u n s  o v e r  extended no r th - sou th  
l i n e ,  d a t a  gap a t  end of second t r a v e r s e  

3/30 -- Cassette 321 
n o r t h - s o u t h ,  two p a r t i a l  t r a v e r s e s ,  f i r s t  t r a v e r s e s  incomple t e ,  
i n s u f f i c i e n t  f u e l ,  second traverse incomplete ,  too dark 

3/31 -- Cassette 322 
n o r t  h-sout h ,  one  complete  traverse 

3/31 -- Cassette 323 
east-west, one complete  traverse,  r e j e c t e d  due  t o  s e v e r c  r e s i d u a l s .  

3/31 -- Cassette 324 
n o r t h - s o u t h ,  one  p a r t i a l  t r a v e r s e ,  system m a l f u n c t i o n  

4/1 -- Cassette 325 
east-west, one forward r u n  o v e r  extended east-west l i n e  
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APPENDIX F.--ADJUSTED PARAMETER VALUES 

RUN= 1 

1 
2 
3 
4 
.6 5 

7 
8 
9 
10 
11 
12 

RUN= 2 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

RUN= 3 

VALUE S T D  .DEV . 
1.3 1-004 

-7.43-006 
-1.88-005 
1.11-009 

-2.47-005 
1.15-004 
-5.40-005 
-7.03-01 1 
-1.13+002 
-4.53+001 
-1.32+002 
5.63+000 

'2.5 5-005 
8.61-006 
2.48-006 
1.09-010 
3.98-006 
4.16-005 
1.12-005 
7.14-011 
2.51+003 
3.27+002 
7.21+001 
1.04+001 

VALUE STD .DEV. 

1.87-005 
3.56-005 
1.58-005 
-6.93-01 1 
8.63-005 
-5.16-005 

-4.66-010 
4.02+001 
-9.87+002 
1.00+001 
-1.12+001 

4 32-006 

3.8 7-006 
1.7 6-005 
4.04-006 
6.87-01 1 
1.2 1-005 
9.27-006 
2.61-006 
1.04-010 
1.27~102 
7.90+002 
1.15+001 
2.69+001 

1 VALUE STD. DEV . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

2.06-005 
7.54-005 
6.23-006 
6.90-01 1 
1.11-004 

-2.74-005 
-1.26-005 
-7.64-010 
1.02+002 

-1.1 ot003 
-5.69+000 
-8.9otOOO 

3.8 7-006 
1.78-005 
4.06-006 
7.06-01 1 
1.2 1-005 
9.89-006 
2.8 5-006 
1.16-010 
1.27+002 
7.90+002 
1.15+001 
2.7Oi-001 

VAL/ S IG GOOGE 

5.1 
-.9 
-7.6 
10.2 
-6.2 
2.8 
-4.8 
-1 .o 

.o 
-.l 
-1.8 

.5 

5.34-001 
1.2 1-001 
8.15-001 
1. oo+ooo 
5.37-001 
1.86-001 
9.38-001 
1. ootooo 
2.21-001 
1.99-001 
6.07-001 
1 .oo+ooo 

VAL/SIG GOOGE 

4.8 l.OotOO0 
2.0 6.45-001 
3.9 2.88-001 
-1.0 7.35-001 
7.1 1.00+000 
-5.6 6.45-001 
1.7 2.38-001 
-4.5 3.16-001 

.3 1.00+000 
-1.2 6.45-001 

.9 2.38-001 
-.4 1.93-001 

WAL/SIG GOOGE 

5.3 
4.2 
1.5 
1 .o 
9.1 
-2.8 
-4.4 
-6.6 

.s 
-1.4 
-.5 
-.3 

1. ootooo 
6.45-001 
2.85-001 
7.30-001 
1.00+01)0 
6.45-001 
2.36-001 
2.67-001 
1 .00+000 
6.45-001 
2.36-001 
1.91-001 
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RUN= 4 

VALUE STD.DEV. VALISIC; COOGE 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

RUN= 5 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

RUN= 6 

1 
2 
3 

' 4  
5 
6 
7 
8 
9 
10 
11 
12 

2.41-005 
2.13-005 
2.34-005 
3.03-011 
6.37-005 
-2 96-005 
5 24-007 
-5.64-010 
2.83+002 

-1 o 22+003 
1.82+001 
2.91+001 

3.8 7-006 
1.74-005 
4.3 1-006 
6.7 9-01 1 
1.2 2-005 
8.64-006 
2.70-006 
9.92-011 
1.27+002 
7 m89t002 
1.21+001 
2.83+001 

VALUE STD.DEV. 

1.67-005 
1.40-005 
2 -41-005 
-9.22-011 
5.72-005 
-1.92-006 
-8.54-006 
-3.88-010 
3.32+002 

-1 . 12+003 
-2.20-001 
1.45+001 

VALUE 

2 -81-005 
6.98-005 
1.87-005 
-2.26-011 
8.00-005 
-3.80-005 
1.30-006 
-4.84-01 0 
3.44+002 
-1.05+003 
-4.74+000 
5.44+000 

3.8 7-006 
1.79-005 
4.59-006 
7.97-011 
1.2 1-005 
9.77-006 
3.2 1-006 
1.30-010 
1.27+002 

1.28+001 
3.00+001 

7 9W002 

STD . DEV . 
3.88-006 
1.77-005 
4.28-006 
7.42-011 
1.22-005 
8.86-006 
2.80-006 
1.13-010 
1.27+002 
7.90+002 
1.21+001 
2.83+001 

6.2 
1.2 
5.4 
.4 

5.2 
-3.4 

.2 
-5.7 
2.2 

-1 *5 
1.5 
1 .o 

1. oo+ooo 
6.45-001 
2 -96-001 
7.25-001 
1 .oo+ooo 
6.45-001 
2.47-001 
3.42-001 
1. ow900 
6 e45-001 
2.47-001 
2.02-001 

VAL/SIG G O N E  

4.3 1.00+900 
.8 6.45-001 

5.2 2.90-001 
-1.2 7.03-301 
4.7 1.00+000 
-.2 6.45-001 
-2.7 2.41-301 
-3.0 2.61-301 
2.6 1.00+000 
-1.4 6.45-301 

.O 2.41-001 

.5 1.93-001 

VAL / S IG 

7.2 
3.9 
4.4 
-.3 
6.6 
-4.3 

.5 
-4.3 
2.7 

-1.3 
-.4 
.2 

GOOCE 

1. oo+ooo 
6.45-001 
2.95-001 
7 18-001 
1. oo+ooo 
6.4 5-001 
2 -46-001 
3.05-001 
9.65-001 
6.23-001 
2 -46-001 
1.96-001 
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RUN= 7 

VALUE STD . DEV. V A L / S I G  GOOGE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  

2.36-005 
3.49-005 
3.26-005 
1.61-010 

1.32-005 
5.24-006 

-2 15-009 
3.4 7t002 

-1.24+003 
1.10+001 

-6 56+000 

9.81-005 

3.85-006 

3.83-006 
6.42-011 
1.26-305 
1.04-005 
2.59-006 
1.. 0 3-0 10 
1 28+002 
7.91+002 
L.O4+001 
2.46+001 

1.89-005 

RUN= 8 

1 
2 
3 
4 
5 
6 
7 '  
8 
9 

10 
11 . 
1 2  

RUN= 9 

1 
2 
3 
4 
5 
6 

. 7  
8 
9 

10 
11 
1 2  

VALUE STD.DEV.  

3.35-005 
1.29-004 

-3.92-006 
2.50-010 
1.2 7-004 
3.72-006 

-9.06-006 
-8 . 05-011 

2.6QtO02 
-1.2 7M03 

2.17i-001 
1.94+001 

3.85-006 

4.30-006 
7.24-011 
1 26-005 
1.01-005 
2.91-006 
1 16-010 
1.28+002 
7.90+!)02 

2.71+001 

1 90-005 

1 15+001 

VALUE STD . DEV . 
9.78-005 
2.14-005 
-9 -95-006 

1.25-010 
4.90-006 
1.50-004 

-3.15-005 
-5.29-011 
-1.48+002 

1.38+002 
-1.83+002 

3.58+001 

2.34-005 
1.03-005 
3 24-006 
1.21-010 
3 95-006 
3.6 3-005 
9.50-006 
6.93-01 1 
2.51+003 
3.2 7+002 
5.90+001 
1.15+001 

6.1 9.97-001 
1.8 7.14-001 
8.5 2.75-001 
2.5 7.73-001 
7.8 9.91-001 
1.3 7.19-001 
2;o 2.20-001 

-20.8 2.96-001 
2.7 9.97-001 

-1.6 7.14-001 
1.1 2.20-001 
-.3 2.08-001 

VAL / S I G COOGE 

8.7 9.97-001 
6.8 7.14-001 
-.9 2.81-001 
3.9 7.37-001 

10.1 9.90-001 
.4 7.19-001 

-3.1 2.27-001 
-.7 2.86-001 
2.0 9.97-001 

-1.6 7.14-001 
1.9 2.27-001 

.7 2.11-001 

VAL/SIG GOOGE 

4.2 6.29-001 
2.1 9.32-002 

-3.1 7.70-001 
1.0 9.98-001 
1.2 6.41-001 
4.1 2.34-001 

-3.3 9.52-001 
-.8 1.00+000 
-.1 2.05-001 

.4 2.29-001 
-3.1 7.46-001 
3.1 1.00+000 
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RUN= 10 

VALUE STD.DEV. VAL/SIG GOOGE 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

6 a 88-005 
1 ,89-005 

-4.80-006 
6.39-011 
4.09-006 
1.98-004 

-4.54-005 
-1.55-011 
-8.86+001 
1.25+002 

-1.40+002 
3.26+001 

2 a 34-005 
1.2 1-005 
3.79-006 
1.44-010 
3.95-006 
3.73-005 
9.7 3-006 
7.21-011 
2 . 5 ~ 0 3  
3.27+002 
6 .OW001 
1.17+001 

2.9 6.39-001 
1.6 6.41-002 

-1.3 7.99-001 
.4 1.00+000 

1.0 1.00+000 
5.3 1.90-001 
-4.7 6.96-001 
-.2 9.99-001 
.O 1.93-001 
-4 2.14-001 

-2.3 7.14-001 
2.8 9.93-001 

RUN= 11 

VALUE STD.DEV. VAL/SIG GOOGE 

1 
2 
3 
4 
5 .  
6 
7 
8 
9 
10 
11 
12 

1.13-004 
1.89-005 

-2.30-006 
9.07-01 1 
8.79-007 
2.2 7-004 

-5 20-005 
2.10-01 1 
-8.52+001 
1.31+002 
-2.07+002 
3.51+001 

2.32-005 
1.08-005 
3.78-006 
1.50-010 
3.95-006 
3.4 2-005 

7.80-011 
2.5M03 
3.27+002 
5.93+001 
1.2u.001 

9 e46-006 

4.9 6.18-001 
1.7 7.76-002 
-.6 7.81-001 
.6 1.00+000 
.2 6.19-001 

6.6 2.48-001 

. 3  1.00+000 
-0 7.19-001 
.4 2.17-001 

2.9 1.00+000 

- 5 . 5  9-56-001 

-3.5 2.46-001 

RUN= 12 

VALUE STD.DEV. VAL/SIG GOOGE 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

.5.7 1-005 
1.42-005 
6.4 7-006 
6 -96-010 
1.22-005 
2.54-004 
-8.17-005 
-1 .os-010 
' 2.10+002 
9.34+001 
-3.01+002 
5.7 1+001 

2.3 2-005 
1.24-005 
3.98-006 
1.53-010 
3.95-006 
3.75-005 
1 .OO-005 
7.82-01 1 
2.51+003 
3.27+002 
6.14+001 
1.25+001 

2.5 
1.1 
1.6 
4 . 5  
3.1 
6.8 
-8.2 
-1.3 

.1 

.3 
-4.9 
4.6 

6.30-001 
5 90-002 
8.30-001 
1. ootooo 
6.3 1-001 
1.96-001 
9.61-001 
1 .ootooo 
6.9 5-001 
1.91-001 
2.05-OCl 
1 .o(Hooo 
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RUN- 13 

VALUE STDaDEV. VALISIG .GOOGE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

RUN= 14 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

RUN= 15 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

7.55-005 
5.14-006 
6.40-006 

-3.88-01 1 
-8.89-007 

1.49-004 
-4.51-005 

9.44-011 
6.17+001 
1.7 1+002 

-2.39i-002 
3.35+001 

2.33-005 
1.12-005 
3.96-006 
1.58-010 
3.95-006 
3.41-005 
9.61-006 
8.0 0-01 1 
2 . 5 M 0 3  
3.27+002 
6.03+001 
1.26+001 

VALUE STD . DEV . 
3.56-005 
3.37-005 

-1.02-005 
1.66-010 

-4.23-006 
2.45-004 

-7.91-005 
-1.18-011 

8.18+001 
1.84+002 

-2.52+002 
2.4ot001 

2.3 2-005 
1.13-005 

1.53-010 
3.9 5-006 
3.44-005 
9.47-006 
7.82-01 1 
2 . 5 M 0 3  
3.27+002 
5.89+001 
1.23+001 

3 85-006 

VALUE STD.DEV. 

8.15-005 
9.96-006 
2.74-006 
2 e32-010 
1.11-CO7 
1.99-004 

-2.75-005 
7.38-011 

-1.24+002 
1.19+002 

-1.4ot002 
3.47+001 

2.33-005 
1.32-005 

1.62-010 
3.95-006 

1 0 7-005 
8.02-011 

3.27+002 
6.54+001 
1.3oH>01 

4.3 1-006 

3 -81-005 

2 51+O03 

3.2 6.12-001 
.5 7.44-002 

1.6 7.70-001 
-.2 1.00+000 
-.2 6.20-001 
4.4 2.50-001 

-4.7 9.46-001 
1.2 1.ootooo 
.O 2.16-001 
.5 2.43-001 

-4.0 7.22-001 
2.7 1.0ot000 

VALISIG 

1.5 
3 .O 

-2.7 
1.1 

-1 .l 
7.1 

-8.4 
-.2 

.o 

.6 
-4.3 

2.0 

GOOGE 

6.16-001 
7.28-002 
7.85-001 
1. 00+000 
6.20-001 
2.43-001 
9.49-001 
1. ootooo 
2.15-001 
2.41-001 
7.17-001 
1. ootooo 

VAL/SIG GOOGE 

3.5 6.41-001 
.8 5.43-002 
.6 8.62-001 

1.4 1.OOtOOO 
.O 6.41-001 

5.2 1.98-001 
-2.6 9.73-001 

.9 1.00+000 

.O 8.80-001 

.4 5.97-001 
-2.1 2.18-001 

2.7 2.02-001 
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RUN= 16 

VALUE STD . DEV . VAL/SIG GOOGE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  

RUN- 17 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  

BUN= 18 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

3 83-005 
6.59-006 
6.75-006 

-1.40-010 
-5.89-006 

2.16-004 
-2.17-005 

1.81-011 
-6.08+002 

1.15+002 

3.28+001 
-1 27+001 

2 a 34-005 
1 26-005 
3.72-006 
1 39-010 
3.95-006 
3.7 6-005 
9 -48-006 
6.94-011 

3 .27~102 
5.90-l-001 
1.15+001 

2 51+003 

VALUE STD .DEV. 

4.83-005 

2.99-006 
1.67-010 
-1.88-006 

1.19-004 
-6.90-006 

-7.37+002 
8.17+001 
5.28+001 
3.5W-001 

2 88-006 

1.06-011 

2 35-005 

3.48-006 
1.32-010 
4.03-006 
3.76-005 
9 -4 1-006 
7.04-011 

3.27i-002 
5.78+001 
1.14+001 

1 19-005 

2 51+003 

VALUE S'PD . DEV . 
9.7 7-006 
9.54-005 

-4.69-006 
1.69-010 
1.13-004 

-2.36-005 
-9.15-006 

2.28-010 
3.6Oi-002 

-8.7 5+002 
1.6Oi-OOl 

-1.72+001 

3.8 5-006 
1.89-005 
3.38-006 
5.74-01 1 

1.05-005 
2.39-006 
9.56-01 1 
1 28+002 
7.90+002 
9.14+000 
2.16+001 

1 26-005 

1.6 
.5 

1.8 
-1 .o 
-1.5 

5.7 
-2.3 

.3 
-.2 

.4 
-.2 
2.8 

1. o(Hoo0 
6.43-001 
2.14-001 
2.31-001 
6.40-001 
9.96-001 
1.99-001 
9.99-001 
6.37-001 
1. oo+ooo 
2.10-001 
2.14-001 

VAL / S I G GOOGE 

2.1 6.56-001 
.2 7.49-002 
.9 7.99-001 

1.3 9.89-001 
-.5 6.83-001 
3.2 2.21-001 
-.7 9.56-001 

.2 1.oo+ooo 
-.3 9.74-001 

.2 6.82-001 

.9 2.21-001 
3.1 2.23-001 

VAL/SIG GOOGE 

2.5 9.97-001 
5.0 7.14-001 

-1.4 2.79-001 
2.9 7.59-001 
9.0 9.90-001 

-2.3 7.19-001 
-3.8 2.25-001 

2.4 2.71-001 
2.8 9.97-001 

-1.1 7.14-001 
1.7 2.25-001 
-.8 2.10-001 
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